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CORN SYRUP SOLIDS 





A distinct and unique contribution 
to the technology of ice cream manu- 
facturing since it was pioneered by 
American Maize some two decades 
ago, FRODEX (corn syrup solids) is 
still the corn sweetener most widely 
used by leading ice cream manufac- 
turers. 

Its many advantages for all types of 
ice creams, specialties, novelties and 
ice milk consistently mean better qual- 
ity, more economically produced. 
FRODEX substantially enhances flavor, 
adds smoothness, improves keeping 
qualities and builds the all-important 
total food solids content. 

The many uses and growing advan- 
tages of FRODEX are the result of con- 
tinuing research into fine products 
made from corn by American Maize- 
Products Company. 
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Precision-made Kimble Glassware — standard 
in an exacting industry. 


QURABLE/ 


KIM BLE DAIRY TEST WARE 


Their long, useful life means low costs for you 


Careful fabrication 
from uniform machine- 
made tubing and hand 
blown blanks; durable, 
easily readable calibration scales; 
uniform product design; and indi- 
vidual retesting for accuracy make 
Kimble Dairy Glassware a stand- 
ard for long, dependable service— 


careful tempering to equalize 
strains creates a product of maxi- 
mum strength and longest life ex- 
pectancy. 

Outstanding quality and assured 
accuracy have established Kimble 
Dairy Glassware as a recognized 
standard of the dairy industry — 
for research and control. It meets 


KIMBLE DAIRY TEST WARE, 


AN @ PRODUCT 


all federal and state requirements 
—passes the most rigid tests for ac- 
curacy and serviceability. Kimble 
Dairy Glassware is distributed 
by leading dairy supply houses 
throughout the United States and 
Canada. Or write Kimble Glass 
Company, subsidiary of Owens- 
Illinois, Toledo 1, Ohio. 


Owens-ILLINOoIS 
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PEOPLE and EVENTS 








J. M. Sherman Dies 


Word of the death on November 5 of 
Dr. J. M. SHERMAN, former head of the 
Department of Dairy Industry at Cornell 
University, has been received. Further 
details will be published in the December 
issue. 











Pioneers in the Dairy Industry 


Outstanding as a researcher, teacher, scholar, 
administrator, inventor, and friend is the man, 
Dr. B. W. Hammer. Modest of his many ac- 
complishments, Dr. Hammer is a person re- 
luetant to be placed in the spotlight of fame, a 
quality which adds to his stature. 

Bernard Wernick Hammer was 
tober 7, L886, in Hillsboro, Wisconsin. 


born Oc- 
In 1908 





Dr. and Mrs. B. W. Hammer 


he obtained a B.S.A. degree from the University 
of Wisconsin. A year later he was married 
to Edna Quamman of Madison. Their only 
child, Robert Q., was born in Ames, Iowa, in 
1913 
After 


undergraduate work, 


studies while 


completing his 
young Hammer continued his 
serving as an assistant for one year in agri- 
cultural bacteriology under Dr. E. G. HAstinGs 
at the University of Wisconsin. From 1909 to 
1911 he was associated with Dr. M. P. RAVENEL 
at the Wisconsin State Hygienie Laboratory. 
He then joined the Iowa State College and in 


ey * 









1916 became chief in the 


Agricultural Experiment Station. 


in dairy bacteriology 


Graduate study and research were continued 
and in December of 1920 he was awarded the 
Ph.D. degree by the University of Chicago. Re- 
search in dairy bacteriology at Iowa State then 
began in earnest as evidenced by the parade 
of students at both the graduate and under- 
graduate level through the classes of Dr. Ham- 
mer. In 1942 he resigned his position at Iowa 
State to become a member of the research staff 
of Golden State Co., Ltd., San Francisco. 


In 1946 Dr. Hammer retired to live at Sara- 
sota, Florida, where he now divides his time 
between his hobbies and consulting work. Both 
Dr. and Mrs. Hammer are ardent golfers and 
gardeners. Fishing also comes in for its share 
of attention. Dr. Hammer makes frequent busi- 
ness trips to the North but when the fish are 
running he is likely to be found on loeation in 
Florida. 


Dr. Hammer is the author or coauthor of 


many scientific articles in the field of dairy 
bacteriology. His book Dairy Bacteriology, 


which has undergone numerous revisions since 
its first publication in 1928, has been widely 
used. That Dr. Hammer is an inventor as well 
as researcher and teacher is evidenced by the 
numerous patents that bear his name, one of 
the most important of which has to do with the 
process of continuous buttermaking. The many 
contributions that have been made during the 
lifetime of B. W. Hammer to the progress of 
dairying throughout the world have justly won 
for him the recognition of being one of our great 
“Pioneers of the Dairy Industry.” 


A.0.A.C. to Give Annual Award 


KENNETH D. Jacos, president of the Assoc. 
of Official Agricultural Chemists, has announced 
the establishment of the Harvey W. Wiley 
Award for analytical methods. The award 
honors the memory of the founder of the 
federal Pure Food and Drug Law, who was also 
one of the founders of the Association. 


Mr. Jacob stated that the annual award, which 
carries a cash prize of $500, will be presented 
to the scientist or group of scientists who make 
an outstanding contribution to development of 
methods of analysis of foods, cosmetics, drugs, 
feeds, fertilizers, pesticides, and soil, as well as 
for methods in general analytical chemistry. 
These are the fields of interest of the A.O.A.C., 
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Who pays th 
“phantom” 


Cones stands to lose when feeds for 
today’s fast-growing, high-producing 
animals are formulated with phosphates 
containing a high percentage of “phan- 
tom” phosphorus. 

The reason: animals can’t utilize 
“phantom” phosphorus . . . phosphorus 
that is biologically out of reach. 

Today’s harder working animals are 
more dependent than ever on phosphorus 
from feed supplements. They need more 
usable phosphorus, and over-worked fields 
frequently can’t provide it in home-grown 
feeds. 

That’s why feed manufacturers who 
are interested in providing complete phos- 
phorus nutrition choose feed phosphorus 
products carefully. They insist on prod- 


ucts of proven availability and effective- von | or O8, | Surace© | sone 
Pee : IFICATIONS | DYNA - 
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freight on 


cium and tricalcium phosphates. 

Developed through years of round-the- 
clock research, they answer today’s need 
for more effective feed phosphorus prod- 
ucts. The higher biological availability 
means more usable phosphorus . . . less 
“phantom” phosphorus. 

For example, numerous research stud- 
ies clearly indicate that one pound of 
International’s dicalcium phosphate — 
DynaFOS — delivers as much biological- 
ly available phosphorus as 2 to 9 pounds 
of unprocessed, raw phosphates. 





Joe eee 


sphorus 





One pound of Dynamic DynaFOS delivers as 
much available phosphorus as 2 to 9 pounds 
of unprocessed, raw phosphates... 
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encompassed by its publication, the Official 
Methods of Analysis. This 1,000-page book is 
the primary laboratory manual of regulatory 
chemists and research workers in agriculture 
in the U. S. and throughout the world. 

The first award will be given at the 7lst 
annual meeting of the Association in October, 
1957. All seientists, whether members or non- 
members of the A.O.A.C., are eligible for the 
award, 


New Editor of Journal Appointed 


E. O. Herre of the Dept. of Food Tech- 
nology of the Univ. of Illinois has been selected 
by the official board to serve as editor-in-chief 
of the Journal to succeed P. H. Tracy, who 
tendered his resignation last June. Dr. Herreid 
takes over his official duties with the January 
1957 issue. 

Dr. Herreid, a veteran of World War I, took 
his undergraduate work at South Dakota Agri- 
eultural College and his graduate work at Min- 
nesota. Before joining the Illinois staff he was 
a member of the Dairy Dept. at the Univ. of 
Vermont. He is the winner of the 1956 Borden 
Award for outstanding research in the field 
of dairy manufactures. 

All manuscripts and communications per- 
taining to material to be published in the 
Journal after the December 1956 issue should 
be sent to the new editor. His address is 101 
Dairy Manufactures Building, University of 
Illinois, Urbana, Il. 


New Section Formed by Ecological Society 


At the recent meeting of the Ecological So- 
ciety of America at Storrs, Conn., a Section of 
Animal Behavior and Sociobiology was formally 
organized. The purpose of this Section is to 
advance, coordinate, and assist research and 
publications on the subject of animal behavior 
and social organization basic to theoretical 
science and human welfare and to act as a 
liaison agency between workers in the various 
scientific fields concerned. 

At its first organizational meeting, the See- 
tion elected the following officers: chairman, 
J. P. Scorr, Roscoe B. Jackson Memorial Labo- 
ratory, Bar Harbor, Maine; vice-chairman, A. 
M. Guut, Kansas State College, Manhattan; 
secretary, M. W. ScHEIN, Pennsylvania State 
Univ., University Park. 

The Section immediately concerned itself with 
three major problems in the field of behavior 
studies: publications, terminology, and teach- 
ing. L. R. Aronson, the American Museum of 
Natural History, was named as chairman of a 
committee to continue the search for new pub- 
lication outlets for papers dealing with animal 
behavior. A. M. Gun, Kansas State College, 
was appointed chairman of a Committee on 
Glossary and Terminology designed to help al- 
leviate the confusion caused by coining new 


terms or misusing old ones. W. M. ATKIN, 
Albert Einstein College of Medicine, was named 
as chairman of a committee to look into the 
needs and possibilities of publishing a textbook 
on animal behavior and sociobiology aimed at 
the upper-class or early graduate student level. 

A tentative list of members of the Section 
includes a wide variety of interests, covering 
every form of animal life as well as the more 
generalized biological fields. Persons interested 
in any phase of behavior studies are invited to 
become members. Any member of any class of 
the Ecological Society of America may become a 
member merely by writing to the secretary of 
the Section; there are no additional dues. Others 
may join the Section by becoming members of 
the Ecological Society and then informing the 
secretary of the Section of their action. Further 
information may be obtained from the secretary. 


Michigan State Holds Dairy Conference 


M.S.U.’s 17th Annual Dairy Manufacturers’ 
Conference was held at the Kellogg Center 
Nov. 7 and 8. Besides a general meeting and a 
clinic, special sessions were held for market 
milk, ice cream, and manufactured products on 
each of the 2-day meetings. One afternoon 
was devoted to conducted tours of the new 
Animal Industries Building which houses, be- 
sides the Poultry and Animal Husbandry De- 
partments, the Meat Products laboratory, the 
Dairy Department, and the Creamery. 

The banquet was held Nov. 7, and a special 
luncheon, with a speaker, on each day of the 


session. 


News Items from the University of Georgia 


W. J. Mitier has returned after partici- 
pating for 3 months in the Univ. of Tennessee— 
Atomic Energy Commission agricultural re- 
search program. Dr. Miller now is devoting 
full time to research and is in charge of the 
Dairy Cattle Nutrition Laboratory. 

GERALD Storr joined the Dairy Dept. staff 
on Sept. 1. His B.S. and M.S. degrees were 
earned at Utah State Agricultural College and 
his Ph.D. degree at the Univ. of Wisconsin. 
He has held teaching and research assistant- 
ships at both institutions. His new duties in- 
clude primarily teaching of dairy production 
subjects, but some time will be devoted to re- 
seareh. 

Six scholarships valued at $200 each have 
been assigned for upper-classmen in dairying 
during the fall quarter. 





As soon as the plans come from the archi- 
tests’ drawing boards, the University will con- 
struct a $10,000,000 Seience Center. Four 
fully equipped buildings will be ineluded in 
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There is 
no substitute 
for quality 






... for a more prosperous 


dairy industry 


How RAPID-FLO engineered quality 
helps milk quality... 


Rapid-Flo Fibre-Bonded Milk Filters are carefully engineered to 
provide a reliable Rapid-Flo Check-Up for mastitis and sediment. And 
there is no compromise in Rapid-Flo quality—laboratory tested and 
farm proven to provide the safest filter disk possible. 

Quality dairy products begin with clean milk on the farm. By re- 
vealing evidence of mastitis and sources of sediment, the Rapid - Flo 
Check-Up points the way to improved milk quality. That’s why more 
and more profit minded producers use Rapid-Flo Fibre- Bonded 
Filter Disks as an aid to quality milk production. 

You can help producers, processers and the consumer by recom- 
mending frequent use of Rapid-Flo Fibre-Bonded Filter Disks—and 
the Rapid-Flo Check-Up for Mastitis and Sediment. 


FILTER PRODUCTS DIVISION 





Copyright 1956, Johnson & Johnson, Chicago 4949 West 65th Street, Chicago 38, Illinois 
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the group. It is expected that contracts will 
be signed very soon for the construction of 
the Chemistry and Animal Science Buildings. 
The latter will house the Animal Husbandry, 
Dairy Production, and Poultry Departments. 
A recent allocation provides $5,000,000 for the 
housing of Biological Sciences and Physies. 
Buildings for Mathematics, Geography, Ge- 
ology, and Food Technology will be constructed 
later to complete the Center. 


Ohio State Honors Outstanding Dairyman 


The Dept. of Dairy Technology of The Ohio 
State Univ. presented V. O. Dreyer, manager 
of the Borden Company, Dayton, its Award 
of Merit at the Eighth Annual Homecoming 
Brunch, Oct. 27. The award, which has been 
presented annually since 1949, is for outstand- 
ing contributions to the Ohio dairy industry. 
Assistant Dean C. 8. Hutcnison of the Col- 
lege of Agriculture made the presentation. 

The recipient has served the dairy industry 
of Ohio as president of the Ohio Milk Distribu- 
tors Assoe., president of the Ohio Dairy Prod- 
ucts Assoc., and as vice-president of the Ohio 
American Dairy Assoe. since 1947. He has been 
active in a number of loeal dairy and civie 
affairs. 


Dairy Plant Fieldmen Meetings 

Five Dairy Plant Fieldmen meetings will be 
held in Ohio during December, 1956. Produe- 
tion, quality, herd health, and farmer-fieldman 
relationships will be discussed. One of the 
main features of the program will be a discus- 
sion by Dr. Dave Hitt of the State Veteri- 
narians Office, on the new proposed brucellosis 
law for Ohio. 





H. F. JupKINS, secretary-treasurer of the 
A.D.S.A., was the featured speaker at the 
October meetings of the Maumee Valley, North- 
eastern Ohio, and Central Ohio Dairy Tech- 
nology Societies. The title of Mr. Judkins’ 
speech was “Efficiency and Dairy Plant Opera- 
tions.” 


Illinois Wins First in International Dairy 
Products Judging Contest 


The three-man team from the Univ. of Illi- 
nois, coached by Dr. Joseph Tobias, walked 
away with the top honors over 32 other colleges 
in the annual Olympics of dairy judging, Oct. 
30, in Atlantic City. Fred Jaronitzky led the 
Illinois attack, winning for himself the highest 
individual score of any of the 99 individual 
contestants. The Illinois team received a gradu- 
ate fellowship of $1,800 and possession of the 
All-Products Bowl at a banquet and awards 
ceremonies at the Chalfonte Hotel. 

Second and third place all-products winners 
were the team from Iowa State College, which 
received a $1,650 fellowship, and the team from 


‘television 


Mississippi State College, which received a 
$1,500 fellowship. 

A comparative newcomer in the dairy prod-_ 
utes judging world, the Univ. of Maryland, 
took top honors in ice cream judging and 
gained possession of the Ice Cream Cup. The 
team from the Univ. of Wisconsin took top 
honors in milk judging and received the Milk 
Cup. The Butter Cup for excellence in butter 
judging went to the team from Ohio State. 
Cheese judging excellence brought the Cheese 
Cup to Iowa State College. 

Individual winners in each of the five di- 
visions of the Contest also received special 
awards. Fred Jaronitzky of Illinois, the highest 
seorer in the All Products Division, received 
a fine watch. Placing second in All Products 
was Don W. Gibson of California State Poly- 
technic Institute, who received a silver medal 
and gained additional honor for the California 
team by also winning a silver medal in the 
Milk Division. Third place and a bronze medal 
in All Products went to Charles M. Mead of 
Iowa State, who also won the silver medal in 
the Butter division. 

In the Ice Cream division, top individual 
honors and a wrist watch went to Ronald Sap- 
pington of the Univ. of Maryland. Second place 
and a silver medal went to Wesley E. Eckert 
of Washington State College. Third place and 
a bronze medal were awarded to Jerome J. 
Donovan of the Univ. of Massachusetts. 

In the Milk division, individual honors were 
as follows: first place and a wrist watch to 
Lyle Surprise of the Univ. of Wisconsin; 
second place and a silver medal to Don Gibson 
of California Polytechnic; third place and a 
bronze medal to William Breene of the Univ. 
of Wisconsin. 

In the Butter division, individual honors 
were as follows: first place and a wrist watch 
to Fred Dryg of the Univ. of Minnesota; 
second place and silver medal to Charles Mead 
of Iowa State; third place and Bronze medal 
to Richard F. Flowers of Ohio State Univ. 

In the Cheese division, individual honors 
were: first place and wrist watch to Thomas 
EK. Quint, Kansas State College; second place 
and silver medal to Thomas Ruzicka of Iowa 
State; third place and bronze medal to Ronald 
Upshaw of Oklahoma A. & M. College. 

Awards were presented to winners at a mock 
show which followed the awards 
Master of ceremonies was comedian 
Roger Price, inventor of “Droodles,” who an- 
nounced winners as their faces were flashed 
on a mock television screen on a stage in the 
room. All of the 33 teams participating in the 
contest had furnished contest officials with pic- 
tures of the team prior to the contest, in order 
that slides might be prepared for every team. 

More colleges than ever before competed in 
the collegiate contest this year — 33 from every 
section of the United States—and contest 
officials were impressed with the very fine show- 
ings made by the colleges who were entering 


banquet. 
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Gasket maintenance, long the biggest single 
expense item with plate heat exchangers, 
need no longer be a major problem. 
Through years of development, CP 
research men produced a formula for a 
markedly better gasket material. Used ex- 
clusively in the now famous CP Uni-Mold 
Gaskets, it is highly resistant to practically 
all forms of deterioration. CP research also 
created the very special method by which 
these gaskets are bonded to the plates with- 
out residue-collecting gasket grooves. As a 
result, CP Uni-Mold Gaskets hold tighter, 
last longer and greatly reduce your costs. 
Similarly, from CP research came new and 
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LONGER GASKET LIFE... 
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better plate designs, such as the unique CP 
Crescent Plate, that gives more effective fluid 
turbulence for best heat exchange and makes 
cleaning much easier. 

To these advances should be added the 
benefits of CP application engineering that 
‘job-fits’”” CP plate equipment to meet most 
accurately the needs of a wide variety of 
products. 

These are just Some of the reasons why 
you get more for your money when you choose 
CP Plate Heat Exchangers. Ask your CP 
Representative to outline the rest of the rea- 
sons. They’re interesting and can be turned 
to your profit. 


Whether you get | 
a “Standard” Crescent, or a New 
SC” you get ALL the benefits of . 
CP Crescent Plate design and CP 
Application Engineering. | 
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the contest for the first time. Sponsored since 
1930 by American Dairy Science Assoc. and 


Dairy Industries Supply Assoc., the contest 
is held regularly in conjunction with the 


autumn conventions of the major U.S. dairy 
industrial trade associations and with the Dairy 
Industries Exposition. 

Following is a list of those who won high 
standings in the contest: 


ALL PRODUCTS 
Individuals 
1. Fred C. Jaronitzky, Jr., Univ. of Illinois 
2. Don W. Gibson, California State Poly- 
technic Institute 


3. Charles M. Mead, Iowa State College 
4, Thomas E. Quint, Kansas State College 


. Richard A. MeKellar, Clemson Agricul- 
tural College 


~ 


6. Lyle Surprise, Univ. of Wisconsin 
7. Fred J. Steffens, Univ. of Illinois 
8. William ©. Lenoir, Mississippi State 


College 
9. Marlin Fouse, Pennsylvania State Univ. 
10. Richard F. Flowers, Ohio State Univ. 


Teams 
1. Univ. of Illinois 
2. Iowa State College 
3. Mississippi State College 
. Oklahoma A. & M. College 
. Ohio State Univ. 
. Univ. of Wisconsin 
7. South Dakota State College 
8T. Univ. of Connecticut 
8T. Kansas State College 


Tie COL 


an es 
oY 


1 


10T. California State Polytechnic Institute 
10T. Pennsylvania State Univ. 
MILK 
Individuals 
1. Lyle Surprise, Univ. of Wisconsin 9.17 
2. Don W. Gibson, California State 
Poly. Institute 14.84 


3. William Breene, Univ. of Wisconsin 15,00 

4, James Dolan, California State Poly. 
Institute 15.08 

5. Charles M. Mead, Iowa State College 15.58 


Teams 
1. Univ. of Wisconsin 49.17 
2. California State Poly. Institute 52.50 
3. Pennsylvania State Univ. 57.35 
4. Iowa State College 58.25 
5. Univ. of Illinois 59.69 

BUTTER 

Individuals 

1. Fred Dryg, Univ. of Minnesota 9.75 


2. Charles M. Mead, Iowa State College 9.84 
3. Richard F. Flowers, Ohio State 


Univ. 10.00 


4. James E. Turner, Univ. of Nebraska 11.34 

5. Gene L. Krajnak, Ohio State Univ... 11.67 
Teams 

1. Ohio State Univ. 36.17 


2. Univ. of Nebraska 38.18 
3. South Dakota State College 38.89 
t. Univ. of Minnesota 40.50 
5. Cornell Univ. 43.84 
CHEESE 
Individuals 
1. Thomas E. Quint, Kansas State 
College 23.84 
2. Thomas Ruzicka, Iowa State College 24.35 
3. Ronald Upshaw, Oklahoma A. & M. 
College 24.83 
4. Fred C. Jaronitzky, Jr., Univ. of 
Illinois 24.84 


5. Robert C. Hakeman, Iowa State 


College 25.00 


Teams 


1. Iowa State College 75.69 
2. Univ. of Illinois 83.33 
3. Univ. of Vermont 84.01 
4, Pennsylvania State Univ. 85.51 
5. Oklahoma A. & M. College 86.18 


ICE CREAM 
Individuals 

1. Ronald Sappington, Univ. of Mary- 

land 27.50 


2. Wesley E. Eckert, Washington State 


College 28.50 
3. Jerome J. Donovan, Univ. of Massa- 

chusetts 31.34 
4+. William E. Smith, Univ. of Connecti- 

eut 33.00 
5. Fred C. Jaronitzky, Jr., Univ. of 

Illinois 33.17 

Teams 

1. Univ. of Maryland 104,42 
2. Univ. of Connecticut 105.51 
3. Mississippi State College 107.34 
4. Chio State Univ. 108.67 
5. California State Polytechnic Inst... 112.67 


Iowa State Host to Protein Chemists 

Forty-eight persons attended the Third An- 
nual Symposium on Milk Proteins held in Me- 
morial Union at Iowa State College, Oct. 26-27. 
Representatives from Wisconsin, Minnesota, 
Michigan State, Illinois, Missouri, North Da- 
kota, Kansas State, and Iowa State were in at- 
tendance. Ten papers were presented for dis- 
cussion. 

One evening was devoted to a meeting of the 
American Dairy Seience Assoc. Committee on 
Protein Nomenclature. Dr. E. W. Birp of Iowa 
State was in charge of the meeting. 


Western Division of A.D.S.A. Names 
Officers 
Officers elected for 1957 by the Western 
Division, American Dairy Science Assoe., are 
as follows: Chairman, G. C. ANDERSON, Univ. 
of Idaho; vice-chairman, I. W. Siater, Univ. 
of Wyoming;  secretary-treasurer, M. H. 


EHLERS, Washington State College. 
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Nelson Gives Up Headship at Montana 


J. A. Ne.son, head of the Dairy Industry 
Department at Montana State College since 
1929, has resigned this position effective Nov. 1. 
For several years Dr. Nelson, the 30th president 
of the American Dairy Science Assoc., served 
as dean of the graduate school. He will devote 
full time to teaching and research. 

J. C. Boyp has been named to head the de- 
partment in Nelson’s place. Boyd, a graduate 
of Washington State, obtained his Ph.D. degree 
from Michigan State. He is married and has 
three children. 


Meetings Held in Vermont 


More than 200 persons attended the 35th an- 
nual conference for dairy plant operators and 
milk distributors, held Oct. 10 and 11 at the 
Univ. of Vermont. Subjects discussed were 
plant sanitation and quality and sales of milk. 
The highlight of the talks was a “Fieldmen’s 
Quality Problems Clinic.” Questions were an- 
swered by a panel of six scientists. 

The annual meeting of the Vermont Dairy 
Plant Operators’ and Managers’ Association 
was held in conjunction with the conference. 
This organization was started 35 years ago. 
It has grown from 80 charter members to the 
present membership of 400. 
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New Staff Members at Clemson College 


CrectL Coney joined the Dairy Dept. staff 
July 16, 1956, as assistant dairy scientist. Dr. 
Conley received his B.S. and M.S. degrees from 
the Univ. of Kentucky and his Ph.D. from 
North Carolina State College with a major in 
nutrition and a minor in biochemistry. His 
work at Clemson will be concerned with dairy 
production research. 


R. W. HenninGson joined the staff Feb. 23 


as assistant dairy scientist. Dr. Henningson 
received his B.S., M.S., and Ph.D. degrees 


from Cornell Univ. in the field of dairy in- 
dustry. His work at Clemson will consist of 
research on the chemical composition of milk 
with major emphasis on solids-not-fat. 


C. B. Reeves joined the staff Oct. 1 as ex- 
tension dairy technologist. Mr. Reeves received 
his M.S. degree from Ohio State Univ. in the 
dairy technology field and comes to Clemson 
after practical experience in dairy plant opera- 
tion in the Philadelphia area. His field work 
will be to expand the markets of South Caro- 
lina dairy products through quality control and 
the development of consumer acceptance of the 
fresh milk by-products. 





Kentucky Wins International Dairy 
Cattle Judging Contest 
In a field of 16 teams Kentucky placed first 
in the International Collegiate Dairy Cattle 
Judging Contest held in conjunction with the 
International Dairy Show at Chicago October 8, 





Breed Team 
Ayrshire Kentucky 
Brown Swiss Ohio 
Guernsey Kentucky 
Holstein Penn. 
Jersey Wash. 
Milking Shorthorn Iowa 


1956. After Kentucky came Penn. State, Iowa, 
Kansas, Rutgers, Washington, Ohio, Illinois, 
Purdue, and South Dakota in the order named. 
The high individual cattle judge was CHARLES 
FINK, a student from the Univ. of Illinois. 

The high teams and high individual in each 
ot the breeds judged were as follows: 


Individual University 





Wash. State 
Michigan State 
Illinois 
Rutgers 
Kansas State 
Kansas State 


Shirley Henrickson 
Max Benne 
Charles Fink 
Joseph Deighan 

L. C. Garrison, Jr. 
L. C. Garrison, Jr. 





Iowa Takes First in all Products in 
Chicago Contest 

The dairy products judging team from Iowa 
State placed first in All Products in the Inter- 
national Dairy Show Products Judging Con- 
test held in Chieago, Oct. 8. This event, held 
annually in conjunction with the International 
Dairy Show, was sponsored by the Chicago 


Dairy Technology Society. Second place went 
‘to the South Dakota State team, and Illinois 
placed third. The high ranking individual in 
All Products was David Duda of Iowa State. 
Eleven midwestern teams were entered in the 
contest. 

The high teams and individuals in each of the 
products judged were as follows: 





Product Team Individual School 
Milk Iowa State Dennis Burchard Nebraska 
Ice cream Ohio State Richard Flowers Ohio State 
Butter Illinois Fred Dryg Minnesota 


Towa State 


Cheese 


Robert Hakeman Iowa State 
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New Products and Processes Revealed at 
Dairy Show in Atlantic City 


New developments at the Exposition, in At- 
lantic City’s Convention Hall, Oct. 29-Nov. 3, 
seemed to center on automation — automatic 
control of mechanical processes. Automation 
was evident in packaging operations. An almost 
completely automatic set-up for washing, filling, 
sealing, and erating milk bottles, and stacking 
the crates and unstacking them was demon- 
strated. Only one person was required to handle 
the entire operation. 

Ice cream novelty manufacture also came in 
for its share of automatic innovations. Several 
machines handled up to 600 or 700 stick con- 
fections per hour. A completely automatic 
cone filler was exhibited. 

Automatie in-place cleaning remained an 
important continuing trend, with additional re- 
finements in evidence. In-place spray cleaning 
took the place of conventional hand-brush 
methods in cleaning of transportation tanks 
and processor pasteurizers and tanks. Also 
receiving new attention was farm equipment, 
with the appearance of refinements on auto- 
matic cleaning of pipeline milkers. 

Automatie merchandising was not overlooked. 
Venders of milk and ice cream, in various sizes 
and types of containers, for both outdoor and 





indoor distribution, were in evidence. Basie 
to the automation of all machinery were the 
automatie controls. Exhibits showed controls 


for temperature, pressure, timing. 

New methods of processing with higher tem- 
perature, shorter time pasteurizers, usable for 
processing of ice cream mix, butter and cream 
as well as fresh milk were featured. The new 
high temperatures were said to make it possible 
to process ice cream mix without a stabilizer. 
The process can be used for whipping cream, 
for coffee cream and baby formulas. The 
makers of the new pasteurizers claim an almost 
sterile milk at 275° F. Pasteurized by the new 
equipment at lower temperatures of 218° to 
220° F. for 3 seconds, milk has good keeping 
quality and no cooked flavor, the makers of the 
pasteurizer claim. Also conspicuous were vari- 
ations on the vacuum processor for removal of 
off-flavors in milk. This processing equipment 
was planned either as auxiliary to or part of 
a normal pasteurization process. 

Adaptability of new machinery and equip- 
ment to standard systems and the development 
of multiple-use equipment were important 
trends. As an instance, new bottle and cap- 
ping equipment is adaptable to the filling of 
all sizes of bottles from half-pint to gallon. 
New small ice cream cabinets and soda-fountain 
units can be combined in any number desired 
to give all the services of a conventional foun- 
tain. Small, they can be fitted into a window 
space for serving customers outside the window. 
Similar units can form an “island” for service 
to customers on both sides of the fountain. 


Other types of processing equipment making 
history at the show included: 


“Instantizers” to render nonfat dry milk 
instantly soluble, in either cold or hot 
water. 

Fully automated system for production of 
ice cream stick novelties, filled cones. 
Three-tube continuous freezer for ice cream, 
which can be so used that each tube con- 
tains a different flavor. They can also be 

operated separately. 

Automation remains one of the best answers 
to what’s new in bottle crating and decrating, 
crate stacking, and destacking equipment. One 
almost completely automated system was 
capable of handling the multiple operations 
of bottle washing, filling, capping and crating, 
crate stacking and crate unstacking, without 
attendanee by workers. 

Equipment to handle new large sizes of con- 
tainers was in evidence. Bottle and carton fillers 
and bottle washers for haif-gallon and gallon- 
sizes were offered widely. An ingenious ma- 
chine placed handles in a pair of quart cartons 
to create a half-gallon container. In the con- 
tainer field, advances in old materials and use 
of new materials were seen. Changes in treat- 
ment of containers to obtain maximum visi- 
bility of product were prominent. Large size 
containers for milk and other dairy products 
were common. New developments included: 


A new process for strengthening returnable 
glass bottles, with micro-thin coating pro- 
tecting the bottle from most abrasions and 
seratches. 

A new single-service milk container with plas- 
tic liner, adapted to consumer retail 
use in half-gallon and gallon size, and 
made in 3-gallon size for the home milk 
dispenser, 6-gallon for the commercial 
aispenser. Made with polyethylene liner 
and cardboard carrying carton, it is 
claimed nonbreakable, leakproof, light 
weight, space saving, and economical. A 
pour spout makes it easy to use. 

Appearance of large numbers of gallon jug 
and half-gallon jug fillers, cappers and 
washers, indicating new emphasis on large 
sizes, 

*“See-through” features, like all-plastie com- 
binations, plastic lids. Attractive color 
printing to increase impulse buying. 

Appearance of packages attractive enough to 
be used on the table or even at parties. 


Dominating the transportation scene were 
reduction of empty weight and increased empha- 
sis on insulation and refrigeration qualities. 
Some of the weight reduction is accomplished 
by use of new materials. Prominent was the 
dual purpose delivery truck, which handles 
combinations of milk, ice cream, cream cheese, 
and faney goods. Important to new truck 
models were innovations for driver conveni- 
ence, making it possible for the driver to sit 
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or stand and to have easy access to his product 
for handling. 
Other developments include: 


Aluminum body in panels, lightweight and 
easy to repair. 

Vapor-proof roof for ice cream and frozen 
foods truck bodies. 

Plastic doors and jambs to prevent sweating. 

Use of magnesium alloy for weight and model- 
ing advantages. 

Squared-up body design to gain increased 
capacity. 

Continuous refrigeration, effected by plug- 
in or through motors, or by combination 
of both (effected without opening the 
trucks). 

Fast pull-down and automatic frost preven- 
tion in refrigeration systems. 

Condenser units that pull out for repair. 

Small-package refrigeration units, light 
weight, taking up little milk bottle space. 


In addition to the commercial displays a 
noncommercial exhibit representing an economi- 
eal method of disposing of dairy wastes was an 
example of scientific advance by government 
and industry working together. 


U. S. Civil Service Positions Open 


The U. S. Civil Service Commission has an- 
nounced an examination for filling the positions 
of Prison Farm Supervisor, $4,080 a year, and 
Prison Farm Assistant, $3,670 a year, in various 
federal penal and _ correctional institutions 
throughout the United States. The specialized 
farming operations covered by the examination 
inelude field crops, truck gardening, orchard- 
ing, dairying, beef production, swine produc- 
tion, poultry production, meat processing, can- 
nery operations, grounds maintenance, and 
general farming. 

No written test is required. To qualify, ap- 
plicants must have had experience in farming 
operations including experience in the special 
field for which application is made. Provision 
is made for the substitution of pertinent col- 
lege study for part of the required experience. 

Applications will be accepted until further 
notice and must be filed with the Board of U. 8. 
Civil Service Examiners, U. 8S. Penitentiary, 
Leavenworth, Kansas. Further information 
and application forms may be obtained from 
the U. S. Civil Service Commission, Washing- 
ton 25, D. C., or from many post offices through- 
out the country. 


New Germicide Labels Apply in 
Hard-Water Areas 


Manufacturers of germicidal chemicals for 
dairies, restaurants, and food plants can check 
on requirements for registering their products 
for use in hard-water areas in the Sept. 19 issue 


of the Federal Register, the U. S. Department 
of Agriculture advises. The Register gives a 
detailed explanation concerning acceptable 
labeling of such products under the federal In- 
secticide, Fungicide, and Rodenticide Act. 

Large quantities of germicidal chemicals are 
used in rinses for utensils, dishes, and glassware 
in compliance with laws protecting the public 
health. But naturally occurring hard waters 
can slow down the rate of germicidal activity 
of some disinfectants and sanitizers, so that 
they may not perform satisfactorily in all 
hard-water areas when quick germicidal action 
is essential. Because of this, the U. S. Publie 
Health Service, Department of Health, Educa- 
tion, and Welfare, last March developed recom- 
mended standards of effectiveness for germi- 
cides intended for use in hard water. Such 
products that move interstate must be registered 
and their labels, list of ingredients, directions, 
and cautions for use must be accepted by USDA. 

Germicide labeling which does not inelude 
specific directions for use in hard-water areas 
will require no change, at least for the present. 
New labeling of this type will continue to be 
accepted for registration. However, manufaec- 
turers or distributors who submit labeling with 
specific claims and directions for use of germi- 
cides in hard-water areas must submit ade- 
quate experimental data to justify proposed 
claims and representations. 

Confronted with the question, “What is hard 
water?” in devising tests for germicidal prod- 
ucts, bacteriologists and chemists in USDA’s 
Agricultural Research Service came up with a 
standard solution fairly simple to prepare. It 
has been adapted from a standard established 
for testing purposes by a large commercial 
dairy. This formula contains magnesium chlo- 
ride and calcium chloride as hardening agents. 
While numerous chemicals cause hardness of 
water in various parts of the United States, 
the two chosen for test purposes are regarded 
as the “problem” chemicals most widely en- 
countered. 

Produets are tested for germicidal effective- 
ness in the “standard” hard water, which can 
be formulated to represent various degrees of 
water hardness. The number of bacteria must 
he reduced by 99.999% within 30 seconds in a 
prescribed test with a lukewarm hard-water 
solution of the germicide. 

Local public health officers, responsible for 
enforcement of state, county, and municipal 
requirements, are guided by standards recom- 
mended by the Public Health Service. Knowing 
the hardness of local water, they can judge 
from label information on germicidal products 
which formulation will best protect public 
health in their areas. 

Products slowed down in germ-killing power 
hy hard water may continue to be used in soft- 
water areas, or for jobs where they are in 
longer contact with surface to be sanitized. 
Built-in or accompanying water softeners might 
also increase their effectiveness in hard water. 
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Every Member Suggest a Member 


The membership committee of A.D.S.A. is 
planning a new campaign for the Association’s 
5lst year. The committee is striving for a mem- 
bership goal of 2,200 members by the time of 
the annual meeting in June. The committee 
urges that each member of the Association sug- 
gest one new candidate for membership. Sug- 
gestions may be sent to the committee member 
in charge of an area. Their names and addresses 
are as follows: 

Maine, Connecticut, Vermont, Massachusetts, 
New Hampshire and Rhode Island—D. J. 
Hankinson, Dairy Dept., Univ. of Massachu- 
setts, Amherst. 

New York, Pennsylvania, New Jersey, Dela- 
ware, and Maryland—J. G. Leeper, Dairy 
Dept., Rutgers Univ., New Brunswick, N. J. 

Virginia, West Virginia, North Carolina, 
South Carolina, Georgia, and Florida — P. M. 
Reaves, Dairy Dept., Virginia Polytechnic In- 
stitute, Blacksburg. 

Minnesota and Wisconsin—J. J. JEZESKI, 
Dairy Dept., Univ. of Minnesota, St. Paul. 

Michigan, Indiana, Illinois, and Ohio — T. 
D. Harman, Dept. of Dairy Technology, Ohio 
State Univ., Columbus. 

Kansas, Missouri, Iowa, Nebraska, North 
Dakota, and South Dakota— T. J. Cuiaypon, 
Dairy Dept., Kansas State Agricultural Col- 
lege, Manhattan. 

Oklahoma, Tennessee, Texas, Alabama, Mis- 
sissippi, Louisiana, Kentucky, and Arkansas — 
J. B. Frye, Dairy Dept., Louisiana State Univ., 
Baton Rouge. 

Nevada, Utah, Colorado, Idaho, Montana, 
Arizona, New Mexico, and Wyoming— A. J. 
Morris, Dairy Dept., Utah State College, Logan. 

California, Oregon, and Washington — H. 
A. Benprxen, Dept. of Dairy Science, State 
College of Washington, Pullman. 

Canada — R. R. Riser, Chemistry Division, 
Science Service, Ottawa; V. S. Logan, Animal 
Husbandry Division, Central Experimental 
Farm, Ottawa. 

Let us all do our part in promoting the growth 
of the American Dairy Science Association. 
Every member suggest a member. 


Harouip E. CALBERT 
Chairman, Membership Committee 


Whitlock Joins N. D. Staff 


G. P. Wuitiock has been appointed director, 
Health Education Service of the National Dairy 
Council, effective Nov. 1, 1956, according to 
Mitton Hutt, N.D.C. president. Dr. Whit- 
lock will serve also as coordinator of the ae- 
tivities and services of the following N.D.C. 
departments: Affiliated Unit Service; Library; 
Materials Development; Program Service; and 
Nutrition Research. As director of Health 
Education Service, Dr. Whitlock will work 
closely with the program personnel of N.D.C.’s 
73 affiliated Dairy Council units to aid them in 
the community nutrition education programs 
they conduct in 36 states across the nation. 

Widely known in the food technology field 
as a public speaker and author of numerous 
professional papers, Dr. Whitlock has been 
associated since 1947 with Merck and Company 
as technical nutritionist and sales counselor. 
In this position, his primary responsibility has 
been to assist the company’s promotion depart- 
ments and salesmen to translate and use tech- 
nical scientific information as effective sales 
tools. 

Dr. Whitlock was born on a dairy farm in 
southern Illinois and graduated from Southern 
Illinois Univ. with a degree of Bachelor of 
Education. He earned his master’s and doctor- 
ate degrees at Pennsylvania State Univ., where 
his studies were concerned with the dairy in- 
dustry, education, and nutrition science. He 
has taught at both the high school and college 
level. 


Completed Theses 
M.S. Degree: 


AntuHony P. De Luca — Relative effectiveness 
of various antioxidants fed to lactating dairy 
cows on incidence of oxidized milk flavor and 
on apparent carotene and tocopherol utiliza- 
tion. Univ. of Connecticut. 

C. I. A. Lang — A comparison of methods for 
determining holding time in high-tempera- 
ture short-time pasteurizers. Cornell Univ. 


Ph.D. Degree: 


H. Patricia MacLeop — Leucine metabolism of 
Streptococcus lactis var. maltigenes. Univ. 
of Connecticut. 








OUR ASSOCIATION 


Off to Another Half-Century 
Dear FELLOW MEMBERS: 


The Golden Jubilee is over. The outstanding 
accomplishments of our first 50 years have been 
recorded in the June issue of our Journal. We 
are proud of the great strides made by our 
industry due to the pioneer spirit that has made 
America the land of opportunity. We are also 
proud of the accomplishments of our Associa- 
tion. 

At the kick-off of the second half of our 
century, it appears desirable to take a quick 
look ahead and see 
where are are going. In 
other words, let us take 
a peak at our objec- 
tives. So out of the 
moth balls comes our 
constitution to give us 
our official goals. These 
are the promotion of 
scientific research, the 
improvement of educa- 
tional methods, the en- 
couragement of worthy 
intra-industry and in- 
ter-industry coopera- 
tive endeavors, and 
the publication of the 
Journal of Dairy Science. 





Cc. F. Huffman 


Research. We are in an era of great and rapid 
changes in the field of dairy science as well as 
every other field of endeavor. Research is 
necessary to keep our industry on the march. 
Research is the life blood of modern industry. 
Certainly our Association is obligated to stimu- 
late scientific investigations. This can be done 
in several ways; (1) by attendance at our sci- 
entific meetings, where dairy scientists present 
papers and visit with fellow scientists, and 
(2) by publishing the results of scientifie work 
in our Journal. These two factors act as a 
great stimulus to research advancement in the 
dairy field. 

Then, too, the incentive awards administered 
by our Association tend to encourage scientists 
to do a better job. The two Borden Awards, 
one in Manufacturing and one in Production, 
and the American Feed Manufacturers Award 
presented each year to outstanding scientists 
certainly should stimulate our scientists. Other 
incentives should be developed to enable our 
industry to keep pace with the times. 


Education. Dairy education was the main 
objective of the small group of pioneers who 
organized our Association. But objectives, like 
New Year’s resolutions, are of little value unless 
something is done about them. Over the years 
we became so involved in research that the 
education of our youths was almost forgotten. 
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Everyone recognizes the need for good teach- 
ers and curricula that are in step with the times. 
We have failed to take the leadership in this 
field in the past. The drop in enrollment in 
dairying in our colleges and universities during 
the past decade should be of vital concern to all 
of us. During the past few years steps have 
been taken to do something about dairy educa- 
tion. We have a committee on education that 
is vitally concerned with improving the methods 
of educating our youth. It is just as important 
to encourage good teaching as it is to encourage 
good research. As a matter of fact the two go 
hand in hand. Superior research men need 
superior instruction and inspiration to excel. 
We realize the importance of good instruction, 
but have been slow to do much about it. Our 
colleges and universities are in need of more 
good teachers in order to supply the number of 
well qualified students that industry can use. 

The Dairy Science Teaching Award was made 
available to encourage good instruction. This 
award is given in alternate years to Production 
and Manufacturing teachers. This is a step in 
the right direction— more _ recognition to 
outstanding teachers. 


Extension. Our dairy extension members are 
doing a real job of educating the dairymen in 
the field. Special techniques have been de- 
veloped for putting across practical knowledge 
to the dairymen and dairy manufacturers. 
Many of these techniques have been exhibited 
at the annual meeting for the benefit of our ex- 
tension workers. 

More rapid progress of the dairy industry 
depends, to a considerable extent, on the speed 
with which sound seientifie findings are used 
after their discovery. The greatest impact on 
our industry today would be greater efficiency 
of milk production and milk processing at the 
“orass roots” level. 

The DeLaval Extension Award is offered in 
this field in the appreciation of service rendered 
by the extension dairymen and dairy manu- 
facturers. 


Intra-Industry and Inter-Industry Coopera- 
tion. Our constitution gives as one of our ob- 
jectives the encouragement of worthy intra- 
industry and inter-industry cooperative en- 
deavors. If our industry is to progress in the 
future, it is imperative that our Association 
make full use of our members who are repre- 
sentatives of commercial fields. This means 
greater use of these members as officers and 
members of committees. A start has been made 
in that direction. 

The dairy industry needs closer cooperation 
between various dairy organizations. H. B. 
Henderson is our representative on the Educa- 
tion Subcommittee of the Dairy Industry Com- 
mittee of the Milk Industry Foundation. The 
purpose of this committee is to find out why our 


2 ew Oe UC Ft 


JOURNAL OF DAIRY SCIENCE 19 


dairy enrollment in colleges and universities 
is low and what to do about it. 

Better relations with United States Public 
Health Service have been implemented by the 
appointment of the Public Health Liaison Com- 
mittee of A.D.S.A., with A. C. Dahlberg as 
chairman. 

We have representatives in several scien- 
tific societies: American Association for the 
Advancement of Science by J. W. Thomas; 
American Institute of Biological Sciences by 
H. D. Eaton; and the National Research 
Council by W. E. Krauss. L. A. Moore is a 
member of the committee of Inter-Society Co- 
operation. W. E. Petersen represented our 
Association at the annual meeting of the 
National Association of Artificial Breeders last 
September. C. G. Bradt represented our As- 
sociation last September at the dedication pro- 
gram at the Plum Island Disease Laboratory, 
Long Island, N. Y. We have representatives 
on the Dairy Remembrance Fund. We also have 
a Joint Committee on Grassland Farming. 

We should strive for closer cooperation with 
all related organizations. 


Divisions. Another objective is to bring about 
closer relations with our three divisions. I. W. 
Rupel, a member of the Executive Board, repre- 
sented our Association at the meeting of the 
Western Division in Logan, Utah, in July. Dr. 
Rupel was very well pleased with the meeting. 
Our secretary, H. F. Judkins, attended the 
Eastern Division meeting in September. I am 
planning to attend the Southern Division meet- 
ing in February. It is our feeling that strong 
divisions of A.D.S.A. will contribute to the 
advancement of our industry. 


Our Journal. An important objective of our 
Association is the publication of the Journal 
of Dairy Science. Our present editor, P. H. 
Tracy, has added many new features, including 
People and Events, Letters to the Editor, Tech- 
nical Notes, and Our Industry Today. Also, 


manufacturing and production articles have 
been separated for the convenience of the 
reader. Boxed-in forewords at the beginning of 
each article giving the reader a thumb-nail 
sketch of the material covered by the article 
have recently been added. These innovations 
have done much to improve the Journal and to 
inerease reader interest. My hat is off to Paul 
Tracy. 


Membership. It goes without saying that in- 
creased membership will make our Associa- 
tion stronger and more capable of rendering 
greater service to our industry. It takes a big 
budget to keep our Association on an even keel. 
The best way to solve our financial problem is 
to increase membership. Chairman of our Mem- 
bership Committee, H. E. Calbert of the Uni- 
versity of Wisconsin, is on the ball, but he 
needs the help of each of us to increase the 
membership over the 2,000-mark of last year. 


Student Affiliate. We have every reason to 
be proud of the work of W. L. Slatter and his 
Student Affiliate Committee. More than 400 
students representing 33 local dairy clubs in 
as many states are affiliated members of our As- 
sociation. The Student Affiliate Committee is 
developing two new programs for individual 
dairy students. One will give recognition to 
outstanding undergraduate and the other to 
graduate students based on their skill in writing 
and presenting technical papers. 

Another objective seldom listed is greater 
participation by our members in the affairs of 
our Association. You can strengthen your or- 
ganization by making suggestions for the im- 
provement of the Association and by attending 
the annual business meeting. Feel free to ex- 
press your opinions through our Journal. 

Yours for a bigger and better Association, 


C6 fre 


C. F. Hurrman, President 








STUDENT CHAPTER NEWS 


A section devoted to the activities of dairy students 


E. L. Tuomas, Editor 


Cornell Chapter Sponsors Centennial Cele- 
bration of the Founding of the First 
Butter Factory in U. S. 


The first butter factory in the United States 
was built in Campbell Hall, Orange County, 
N. Y., in 1856. Conflicting dates and places 
such as Wallkill, N. Y., 1861, and Manchester, 
Iowa, 1871, have appeared in a number of 
textbooks. 

As far back as 1917 Dr. E. S. Guthrie, of 
the Cornell University Dairy Department, gath- 
ered facts indicating that the first butter fae- 
tory was started in the village of Campbell 
Hall in 1856. He later used this date in his 
book, The Book of Butter, published in 1923. 
Through many years of correspondence with 
local and state historians and people associ- 
ated with the early butter industry, Dr. Guthrie 
was finally convinced that this was the true 
date and place of the first butter factory. This 
year, one hundred years later, sufficient evi- 
dence was presented to the historian of the 
New York State Department of Education to 
establish this date as being authentic. The Uni- 
versity of the State of New York, through the 
Division of Archives and History, has placed 
a marker at the spot along New York State 
Highway 207 to commemorate this historical 
event. 

To help celebrate this centennial anniversary, 
the Cornell Chapter of the A.D.S.A., under the 
guidance of Bill Ernst as Committee Chair- 
man, built a replica of a portion of this old 
butter factory and equipped it with a hundred- 
year-old churn powered by a horse treadmill, 
a butter worker, an iron kettle, and miseel- 
laneous small butter-handling equipment as an 
exhibit for the annual Cornell Farm and Home 
week, March 1956. Then, in September, they 
took this exhibit to the New York State Fair. 

The Club financed the work of an Orange 
County historian in gathering data to substan- 
tiate this historical fact. They have also paid 
for a bronze plaque which will be placed on 
a boulder at the site of this first butter factory. 
As a final step in the celebration, the Club 
helped to sponsor a program held in Campbell 
Hall on Oct. 26. William Saurer, president of 
the Cornell chapter, presided at this celebration. 


Babcock Dairy Science Club Meets 


The Babeock Dairy Science Club opened its 
first meeting of the year with a talk on the 


. the role of elub advisors. 





Replica of First Butter Factory in U. 8S. Built 
in Campbell Hall, New York, 1856. William Ernst, 


Cornell Dairy Science Club member, and Betty 
Ann Steer, Dairy Science Club Queen for Farm 
and Home Week, 1956, pose as buttermakers. 


manufacture of rennet by C. A. ERNstRoM. 
The new members were welcomed into the elub. 
The placings of the Wisconsin Dairy Products 
Judging Team in the regional contest at Chi- 
cago were announced. The team placed first in 


ice cream, second in cheese, seventh in milk, 
ninth in butter, and fourth in judging all 


products. Bit BREENE, president of the club, 
placed second in ice cream and third in cheese. 


Rutgers Dairy Science Club News 


After a quiet summer, the Dairy Science 
Club of Rutgers Univ. has begun another busy 
vear. At the first meeting on Sept. 19, a report 
on the dairy club exhibits at the annual meet- 
ing of the American Dairy Science Association 
held at Storrs, Conn., in June 1956 was given. 
The Club entered a scrapbook and a surround- 
ing exhibit at this meeting and won fourth 
place out of fourteen entries. 

The Club welcomed two new staff members 
in the Dairy Department, who will also assume 
Dr. Cason and Mr. 
BauMGART arrived on campus this fall to take 
the place of B. R. Pounrox, who has gone to 
the Univ. of Maine. 

The year officially began for the Dairy Club 
when it set up an exhibit at the College of 
Agriculture’s Annual Freshmen Reception, held 
the evening of Sept. 13. The exhibit concerned 
judging dairy cattle and attracted the atten- 
tion of many people. 





LETTERS TO THE EDITOR 


Presence of a-Ketoglutaric Acid in Milk 


A recent note to this Journal (3) has re- 
ported the presence of a-ketoglutaric acid in 
milk. The authors indicated that they had made 
a “reasonably careful search of the literature” 
and could find no reports concerning this acid 
in milk. In view of the vast amount of scien- 
tific literature which is being published in the 
world today, use of the term “reasonably care- 
ful” seemed well advised. It has been brought 
to our attention by Virtanen (4) that he and an 
associate have found a-ketoglutaric, pyruvic, 
and glyoxylie acids in cow’s milk. These find- 
ings are published as a brief note in a Finnish 
chemical journal (2). A communication con- 
cerning the observations also was sent to the 
14th International Dairy Congress, held in 
Rome, September, 1956. 

The undersigned also has received additional 
information on keto acids in milk from the in- 
vestigations of Harper (/). Although these 
data have not been published, it seems well to 
summarize them at this time in order that the 
status of the research will be brouglit up to 
date. In the analysis of some 40 samples of raw 
milk from individual cows, a-ketoglutaric and 
pyruvie acids were identified in all samples. 
Oxalsuccinic, oxalacetic, acetoacetic, and a-keto- 
isocaproie were identified in some samples of 
milk. Other studies have secured presumptive 
evidence of hydroxypyruvie acid (2) and a- 
ketoisocaproic acid (3) in milk. 

Stuart Patron 
Department of Dairy Science 
The Pennsylvania State University 
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Note to Ghee Manufacturers 


“During last two or three years you might 
have come across a number of times in news- 
papers or magazines something about ghee. 


Essentially it is only dried butter oil with its 
own characteristic appearance, aroma and 
flavour. The United States Govt., to my knowl- 
edge, has entered into many contracts with 
several Asian countries like India, Pakistan, 
Iran, ete., regarding the supply of ghee. At 
present the manufacture of ghee in the States 
is gaining more and more importance than 
ever before. As far as I know many private 
firms have already obtained contracts for its 
manufacture and supply to the countries men- 
tioned above. 

“In view of its importance and improving 
demand I would like to take this opportunity 
to express my opinion through your journal 
which may be helpful for some of those inter- 
ested in that business. The difficulties with 
which the manufacturers in this country are 
confronted may be listed as below: 

“(1) Lack of characteristic flavour and 
odour: The main reason is due to the fact that 
the butter which is being used in this country 
for the manufacture of ghee is generally made 
from unripened cream. 

“(2) Lack of typical granular structure: 
This quality of ghee more or less depends upon 
physical and chemical factors like time, tem- 
perature of cooling, composition of fat, ete. 
A greater part of ghee in India is made from 
buffalo milk, which not only is rich in fat but 
also of slightly different composition. This 
certainly affects the size, melting point and 
amount of granulation in ghee. 

“(3) Decolorization of the product: Butter 
and hence ghee from Indian buffalo is white. 
However, Indian cow’s milk is as yellowish as in 
U.S.A. Since a higher percentage of ghee is 
made of buffalo milk, the colour of ghee if 
white is always preferable. 

“With these points in view, it will be a good 
idea for the ghee manufacturers in the States 
to produce a product which should be highly 
desirable in the countries to be sent. I have not 
tried in this letter to give all the details or 
recipe for the manufacture of a good sample 
of ghee but have just touched the problems in 
general which are bound to be faced by any 
manufacturer who is not familiar with it.” 

S. M. Husatn1 


Dept. of Dairy and Food Industries 
Univ. of Wisconsin 
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ABSTRACTS OF PAPERS PRESENTED AT 
WESTERN DIVISION MEETING 


The annual meeting of the Western Division of A.D.S.A. took place July 15-18 at 
Reno, Nev. Following are abstracts of the papers presented. 


Studies of stabilizers in chocolate drink 
as related to pilot plant operations. H. S. 
Wi._Larp AND W. R. THomas, Univ. of Wyom- 
ing, Laramie. 

Using 20 different stabilizers under a stand- 
ard laboratory procedure, the authors found 
wide differences in the minimum amount of 


stabilizer necessary to hold Dutch process 
cocoa in suspension. Formulas found satis- 


factory in the pilot plant produced a non- 
settling product under commercial conditions. 
The authors believed that the pilot plant 
method described could be used to advantage 
in any dairy plant with little expense involved. 
The authors believed also that the pilot plant 
method was a means of checking costs and in 
making viseosity changes to meet a particular 
market demand. 


Evaluating the nutrients of milk and milk 
products. G. A. RicHarpson, Oregon State 
College, Corvallis. 

A unit system of evaluating the foods within 
a group of the Basic 7 or 4 recommended in 
Daily Food Plans is deseribed. A unit of a 
nutrient is considered as the recommended 
daily requirement of the nutrient. For ex- 
ample, 3,000 calories of energy, 70 g. of protein, 
or 1.8 mg. of riboflavin, ete., each would 
represent one nutrient unit. The sum of the 
nutrient units represents the nutrient value of 
a food. The nutrient values of dry whole milk 
and dry non-fat milk solids are shown to be 
18.4 and 22.7 units per pound, respectively. 
A table shows the calculated unit values of 12 
dairy products, the cost per unit and the cost 
per serving on a unit basis. A comparison of 
these values with those of Group V of the 
Basie 7, or Group II of the Basic 4+ (Hayes) 
is shown. 


Costs of shipping fluid semen compared with 
estimated costs of field handling frozen semen. 
M. H. Enters, J. L. AuBricgut, and R. E. Erp, 
State College of Washington, Pullman. 

A study was made of the solid COz require- 
ments of a storage chest having approximately 
31% eu. ft. capacity and considered as suitable 
for field handling frozen semen. An integral 
electric compressor maintained a —40° C. tem- 
perature within the chest. A supply of block 
CO: above the ampules and of chipped CO: 
in the ethanol surrounding the ampules further 
lowered the temperature to —77° C. Approxi- 
mately 6 lb. of COz was required per day with 
such an operation. Without electrical assist- 
ance 1014 lb. of COz was used. It was esti- 
mated that a chest refrigerated solely with 
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CO: was similar in economy to one operating 
with a compressor and with CO: if CO: is 
obtainable at 5 cents per pound or less. The 
greater initial investment in the electrically 
assisted chest and the resultant depreciation 
were considered in this appraisal. 

The cost of shipping fluid semen on an alter- 
nate day basis was compared with the esti- 
mated cost of shipping frozen semen once a 
month and maintaining a sub-zero storage 
chest at the inseminator’s location. When 
CO: was available at 3 cents a pound the cost 
of field handling frozen semen appeared to be 
about the same as the cost of shipping fluid 
semen. In the area considered (Washington 
and parts of Idaho and Montana) the seeuring 
ot COz presented problems in certain localities 
owing to the distance from the sources of CO: 
Freight and handling charges would be high 
under such conditions, and supply might be 
irregular. 


Comparison of heated homogenized whole 
milk, heated skimmilk, and yolk-citrate ex- 
tenders individually and in combination, on 
storage motility of bull semen at 40° and 
-110° F. J. L. Ausrigut, M. H. Exnuers, and 
R. E. Ers, State College of Washington, Pull- 
man, 

The effects of combining basic extenders, 
egg yolk-citrate, heated homogenized milk and 
heated skimmilk, with and without glycerol, 
on percentage storage motility at 40° F. was 
studied. Initially, and on day 3, the nongly- 
cerolated group showed higher values than 
the glycerolated samples. By day 7 both 
groups were the same. At the end of 2 weeks 
storage there was little difference between 
groups or samples. Egg yolk-—citrate and 
heated skimmilk extenders did not hold up 
well under storage conditions. - However, 
when these treatments were eombined with 
one another or with heated homogenized milk, 
compensatory effects were obtained, resulting 
in an elevation of percentage storage motility 
After 1 week whole milk without 
glycerol was the best treatment with 40% 
storage motility. Whenever glycerol was 
added to a treatment with skimmilk, an eleva- 
tion in storage motility was observed. There 
was considerable elevation in glycerol + 
skimmilk vs. nonglycerolated + skimmilk — 
30 to 20%, respectively. Glycerol added to 
egg yolk-citrate, % egg yolk-citrate + % 
heated homogenized milk, and 100% heated 
homogenized milk resulted in motility declines 
during storage. 
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Frozen semen data indicate that satisfactory 
recovery rates can be obtained by short or 
no equilibration period. There were slight differ- 
ences in percentage recovery when freezing 
at 1.60, 2.65, and 5.02° F. decline per minute. 
There was also considerable variation in sper- 
matozoa freezability from bull to bull. This 
factor is perhaps more important than equili- 
bration time and rate of freezing. 


The effects of a mono- and diglyceride emul- 
sifier on the Reichert-Meiss] number and other 
properties of ice cream and ice milk. W. R. 
Tuomas and M. PurKo, Univ. of Wyoming 
and Wyoming Dept. of Agriculture, Laramie. 

Use of emulsifiers in frozen desserts is being 
recognized by most regulatory officials and is 
rapidly becoming a common practice among 
ice cream manufacturers. These emulsifiers are 
mainly hydrolyzed vegetable fats of mono-, 
di-, and triglycerides obtained from peanut 
and cottonseed oils. Not only are the products 
superior to those used in the past, they are 
very economical, indicating extensive use in 
the future. 

The effect of these products upon the 
Reichert-Meiss] number and other character- 
isties of ice cream and ice milk has been 
studied. Various levels of emulsifiers were 
added to batches of ice cream and ice milk. 
The frozen products were then analyzed for 
fat, moisture, total solids, and Reichert- 
Meiss] number, then examined for flavor and 
melting ability. 

1. Addition of mono,- di- and triglyceride 
emulsifiers does appear to add to the fat 
content of ice cream and ice milk when 
per cent fat is computed on a moisture- 
free basis. However, when fat content is 
computed on a wet basis, this trend is not 
readily detected. 

2. Addition of emulsifiers has a tendency to 
lower the Reichert-Meiss] number. How- 
ever, in these studies this value was not 
depressed below the limits for normal 
butterfat. 

Emulsifier added much in excess of manu- 

facturer’s recommendation will tend to 

produce a frozen product of inferior 
flavor and melting quality. 

4. Ice cream and ice milk to which emul- 
sifiers have been added should be analyzed 
for fat content by an ether-extraction 
method. 
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A study of solids-not-fat variations in dif- 
ferent portions of milk drawn. R. H. GarpNER, 
W. R. Tuomas, and H. S. Winuarp, Univ. of 
Wyoming, Laramie. 

Various portions of milk as drawn from 
Holstein cows were analyzed for the per cent 
of solids-not-fat. The general trend was for 
the middle portion to be higher in solids-not- 
fat than either the first or last drawn milk on 
a fat-free basis. The solids-not-fat content of 
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the three portions of milk was shown to be 
significantly different. Portions of milk from 
individual cows were found to vary widely in 
the percentage of solids-not-fat. Morning and 
evening milk was studied to determine if sig- 
nificant difference occurred between the two 
in solids-not-fat content. No statistically 
significant variations were found to exist be- 
tween the morning and evening milk. The 
percentage of fat increased as the milking 
process progressed. There appeared to be more 
variation between portions with cows in the 
earlier stages of lactation, than with cows in 
the later stages of lactation. 


A method for determining the total fluid 
volume of the rumen. T. N. WeGNeEr, G. M. 
Warp, and C. V. Coir, Colorado A. and M. 
College, Fort Collins. 

A method is described for determining the 
total fluid volume of the rumen by means of 
LiCl dilution. Two liters of LiCl, containing 
1,000 p.p.m. of Li, was added to the rumen and 
samples were taken at 5 or 10-minute inter- 
vals up to 1 hour after addition. Samples were 
filtered, centrifuged, diluted, and analyzed 
directly on a flame photometer. Between 30 
and 60 minutes after addition of LiCl, the di- 
lution method gives results which agree closely 
with the results obtained by direct measure- 
ment of the fluid. Results prior to 30 minutes 
were erratic, probably indicating incomplete 
mixing of the rumen contents up to that time. 

LiC] did not appear in the blood in significant 
amounts until 45 minutes after the addition 
of the solution to the rumen. 


Some observations of the effects of manage- 
ment practices upon the flavor of milk. G. M. 
Warp and B. J. Demort, Colorado A. and M. 
College, Fort Collins. 

This study was made on milk from the ecol- 
lege herd, and all milk was tasted by a panel 
of at least three judges. Usually, the milk 
was collected from individual cows. The re- 
sults of this study ean be summarized as fol- 
lows: 

1. Age, stage of lactation, and level of pro- 

duction had no effeet upon milk flavor. 

2. The milk from cows treated for mastitis 
did not seriously affect the flavor of the 
herd milk supply. 

3. The time of feeding alfalfa silage with 
respect to milking time had no influence 
on milk flavor. 

4. Heavy molasses feeding was not detri- 
mental to milk flavor. 

5. Milo fed as 75% of the grain ration had 
no detrimental effect upon the milk flavor. 

6. It seems unlikely that chlorine or quater- 
nary ammonium solutions are a factor in 
off-flavored milk in the amounts and 


strength that would accidentally appear 
in the farm milk supply. 
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The microflora of bovine semen. M. S. TRUE- 
BLOooD, S. M. Morrison, and H. J. Hii. Colo- 
rado A. and M. College, Fort Collins. 

Semen samples collected with an artificial 
vagina at the Colorado A. and M. Artificial 
Breeding Center were examined for motility, 
morphology, and microbial types and numbers. 

To determine the effect of storage upon 
semen treated with penicillin (750 units/ml.) 
plus streptomycin (500 y/ml.), plate counts 
were run before and after storage at 5° C. 
for 48 hours. 

The organism found most often was the 
genus Bacillus and in order of decreasing 
frequency were coliforms, Micrococcus, Proteus, 
Streptococcus, Pseudomonas, actinomyces, 
yeasts, Serratia and Salmonella. No bull 
showed a consistent pattern. Since all microbial 
types isolated, with the exception of Salmon- 
ella, have their usual habitat in the soil or 
animal surfaces, it would seem that most, if not 
all, the organisms isolated were external con- 
taminants added to the semen samples during 
collection. 

Even though no special sanitary precautions 
were taken at collection the total plate counts 
(30°) of undiluted semen varied from less 
than 1,000 to 1.1 x 10° organisms/ml. The 
average of the counts obtained was 92,000 
bacteria/ml. The average plate counts of di- 
luted semen samples immediately after col- 
lection and addition of antibiotics was 6,600 
bacteria/ml. After storage at 5° C. for 48 
hours the bacterial numbers in these samples 
varied from less than 1,000 to 150,000 bae- 
teria/ml. Some semen samples showed a de- 
cline in bacterial numbers while others showed 
a decided increase. 


Metabolic behavior of bovine spermatozoa 
as influenced by bacteria. M. S. TRUEBLOOD, 
M. L. Hopwoop, S. M. Morrison, and H. J. 
Hiiu, Colorado A. and M. College, Fort Collins. 

Since the procedure of semen collection for 
artificial insemination leads to microbial con- 
tamination, it may be of great importance in 
studies on semen to understand the interrela- 
tionships between microbial and semen me- 
tabolism. 

By using the Warburg microrespirometer to 
measure oxygen uptake it was shown that 
bovine seminal plasma has little or no metabolic 
activity. Bacillus or Pseudomonas organisins 
added to semen samples produced an oxygen up- 
take in 3 hours that was significantly higher than 
that of semen samples alone or that combined 
oxygen uptake of semen plus organisms. This 
indicated a metabolic stimulation to either 
the sperm cells or bacteria or both. By adding 
fresh sperm cells to filtrates of incubated bac- 
teria plus semen, it was shown that this stimu- 
lation was due to the ability of the sperm cells 
to utilize bacterial intermediate metabolites. 
Streptomycin was shown to have little or no 
effect on the metabolism of sperm cells or on 


Pseudomonas organisms, but it was signifi- 
cantly inhibitory to the respiration of a 
Bacillus species. 


Fluorosis studies with dairy cows: A 
progress report. The first forty months on 
experiment and for the first lactation. G. E. 
Stropparp, J. L. SHupe, D. A. GREENWOOD, 
M. L. Miner, G. Q. Bateman, L. E. Harris, 
H. M. Niexsen, and T. V. BisHop, Utah Agri- 
cultural College, Logan. 

Holstein heifers were placed on diets con- 
taining various levels of fluorine (sodium 
fluoride) at 4 months of age. Treatments in- 
cluded two animals on each of the 16 possible 
combinations of four fluorine levels, two rates 
of grain feeding, and two levels of a caleium- 
phosphorus supplement. Fluorine levels in- 
cluded basal (10-12 p.p.m.), 25, 50, and 100 
p.p.m. based on hay intake. Grain levels in- 
eluded 1 and 11% recommended amounts dur- 
ing lactation with 2 and 4 lb., respectively, 
during nonlactation periods. Ca-P supplement 
was fed at 1% and 3% of grain ration. 

During the first 40 months no treatment 
effects were observed in height at withers, 
body weight, or reproductive performance. 
Rib fluorine levels and tooth classification were 
influenced by fluorine treatment. Heifers on 
high grain intake produced more milk than 
those on standard intake. Ca-P intake had 
little or no influence on heifers. Animals on 
100 p.p.m. F showed lameness and exostosis 
not observed in heifers on other F levels and 
were “off feed” more frequently. Cows con- 
sumed 0.26, 0.54, 1.01, and 1.92 mg. F/kg. body 
weight for the basal, 25, 50, and 100 p.p.m. 
groups, respectively. Trial will continue 
through at least four lactations. 


A study of some factors related to rancidity 
in pipeline milkers. B. J. Demorr and L. R. 
Branpt, Colorado A. and M. College, Ft. 
Collins. 

A vacuum was drawn on a 4-foot column of 
45 mm. glass and raw milk was drawn into 
this and treated by bubbling various amounts 
of air into the milk at various levels of vacuum. 
Surface tension measurements were made, and 
organoleptic scores were given gn each sample 
of milk after treatment and storage for dif- 
ferent lengths of time. The data show: 

1. A correlation coefficient of 0.44 between 
the surface tension value of 90 samples 
of milk and the degree of rancidity as 
measured by taste. 

2. That the fat content of milk has very 
little if any effect upon the surface ten- 
sion value of milk. 

3. That the longer the length of storage of 
milk, with or without treatment, the 
lower the surface tension becomes. 

4. That the longer the time of exposure to 
the treatment in the “milker,” the lower 
the surface tension becomes. 
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5. That different milks react differently 
toward the treatments. This could not be 
explained on the basis of fat content of 
the milk. 

6. That the greater the vacuum level used 

in the “milker,” the lower the surface 

tension of the milk will become. 

That the greater the volume of air pass- 

ing through the milk, the greater the fall 

in surface tension of the milk. 


“I 


Diethylstilbestrol as a treatment for anes- 
trum in dairy cattle. K. R. Jounson, Univ. of 
Idaho, Moscow. 

Twenty-three anestrum cows, in which a 
rectal examination indicated the condition as 
being due to a retained corpus luteum, were 
given either 50 or 75 mg. of diethylstilbestrol 
intramuscularly. The amount administered 
was determined by the size and tone of the 
corpus luteum. When the corpus luteum was 
14 em. or larger in width and firm to the touch 
or if it was enclosed or imbedded in the ovary, 
75 mg. of stilbestrol was administered. When 
the corpus juteum was less than ¥% em. in 
width and not greatly enclosed in the ovary, 
50 mg. was administered. 

All of the cows were in estrus within 24 
hours after treatment and all had subsequent 
normal regular estrous cycles. Nineteen of 
the 23 cows are pregnant or have calved and 
the remaining four have passed over three or 
more estrual cycles since last breeding. Thirty- 
three services were required for a breeding 
efficiency of 69%. There were no cases of pro- 
longed estrus, abnormally frequent estrus, or 
other complications from the treatment. 


The importance of heredity and environment 
in causing variation in D.H.I.A. records made 
in Idaho. K. R. Jonnson, D. O. Everson, and 
W. R. Taytor, Univ. of Idaho, Moseow. 


A total of 2,025 daughter-dam comparisons 
from 237 sires for the three breeds, Guernsey, 
Holstein and Jersey, were analyzed to obtain 
estimates of heritability for milk and butter- 
fat production. These estimates were obtained 
by doubling the intrasire regressions of daugh- 
ters on dams. 

The results of this study indicate that the 


heritability of milk and butterfat production , 


on a single record basis, for these D.H.I.A. 
data was 0.264 for milk and 0.302 for butter- 
fat. These estimates are the pooled weighted 
averages for the three breeds. The estimates 
of heritability for milk and butterfat produce- 
tion were 0.362 and 0.320 for the Guernsey, 
0.260 and 0.220 for the Holstein, and 0.212 
and 0.388 for the Jersey breeds. 

The maximum likelihood method was used 
to estimate the genetic and environmental 
changes in milk and butterfat production for 
the Jersey and Holstein breeds on a within 
breed and regional basis. 
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The Holsteins of the combined regions had 
genetic regressions of — 76.0° lb. of milk on 
year and — 0.25* lb. of butterfat on year. 
The environmental regressions were + 192.0** 
lb. of milk on year and + 5.97°* lb. of butter- 
fat on year. The Jerseys of the combined 
regions had genetic regressions of — 27.0 lb. 
of milk on year and 0.01 lb. of butterfat on 
year. The environmental regressions were 
+ 72.0°* lb. of milk on year and + 2.42** |b. 
of butterfat on year. 

Environmental changes accounted for large, 
significant, positive regressions for milk and 
butterfat production in all regions within 
breeds. 


Trace minerals in the blood and excreta of 
dairy cows at parturition: A preliminary 
report. T. H. Biosser, W. H. Appirt, M. F. 
Apams, and G. M. Warp, State College of 
Washington, Pullman. 

Data are available on the trace mineral con- 
tent of the blood and excreta from ten cows 
from which blood samples were taken and 24- 
hour specimens of excreta collected at inter- 
vals from approximately 30 days prepartum 
to 30 days postpartum. Four cows were ma- 
ture Jerseys, two were primiparous Jerseys, 
two were mature Holsteins, and two were 
mature Guernseys. Trace minerals were de- 
termined by spectrographic methods. Copper, 
lead, manganese, and zine levels are reported 
in this paper. Whole biood copper values 
tended to be low at the time of parturition and 
somewhat lower after parturition than _be- 
fore. Urinary copper increased as parturition 
approached and decreased during the first 


10 days after calving. Fecal copper was 
lowest from 4 to 15 days after calving. Be- 


havior of lead in the blood, urine, and feces 
was more erratic than that of the other min- 
erals. Whole blood lead values were at their 
highest point from 5 to 2 days prepartum and 
were quite low from 1 day prepartum to 15 
days postpartum. Urinary lead was highest, 
on the average, from 2 days prior to 2 days 
subsequent to parturition. Fecal lead values 
were quite variable but highest on the day 
of parturition. Manganese levels of the blood 
were low from 25 to 8 days prepartum, in- 
creased at the time of parturition, decreased 
immediately thereafter, and then increased 
until 25 days postpartum. Urinary man- 
ganese levels were highest on the day of par- 
turition and lowest 1 day postpartum. Feeal 
manganese was very consistent. Whole blood 
zine inereased gradually to a high point 5 
days prepartum and then decreased to a low 
point 1 day prepartum. After this there was a 
gradual increase until 5 days postpartum fol- 
lowed by a leveling off. Urinary zine values 
were below average from 1 day prepartum 


* Significant at the 5% level. 
** Significant at the 1% level. 
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until 5 days postpartum and was high from 
25 to 8 days prepartum and from 8 to 25 days 
postpartum. Feeal zine was consistently high 
from 15 days prepartum to parturition and 
only half as high from 1 to 15 days post- 
partum. 


Comparison of glycolytic activity of first and 
second ejaculates of bull semen: A progress 
report. N. S. KusHwana, M. H. Ex ers, and 
R. E. Erp, State College of Washington, Pull- 
man, 

In this study fructose utilization and lactic 
acid formation are being compared in first 
and second ejaculates. Data on 12 bulls of the 
Angus, Guernsey, Holstein, and Jersey breeds 
are included. The bulls ranged in age from 
1 to 7 years at the beginning of the experi- 
ment. The present report included 264 first 
and 264 second ejaculates. 

Among the bulls over 18 months of age the 
second ejaculates averaged (a) 27% more in 


volume than the first ejaculates; (b) 34% less 
in sperm density, (c) 5% less in initial motility, 
(d) 2% less in motility after 1 hour ineubation, 
(e) 13% more fructose initially, (f) 11% less 
fructose utilization/mi. semen during inecuba- 
tion, (g) 28% more fructose utilization/billion 
sperm, (h) 16% less initial lactic acid, (i) 8% 
less lactic acid aceumulation/ml. semen during 
incubation, (j) 37% more lactic acid acecumu- 
lation/billion sperm. 

In the bulls under 18 months of age the 
second ejaculates averaged (a) 20% more in 
volume than first ejaculates, (b) 23% less in 
sperm density, (c) 15% less in initial motility, 
(d) 3% less in motility after incubation, 
(e) 2% less fructose initially, (f) 24% less 
fructose utilization/ml. semen during ineuba- 
tion, (g) 2% less fructose utilization/billion 
sperm, (h) 4% less initial lactic acid, (i) 24% 
less lactic acid accumulation/ml. semen during 
incubation and (j) 6% more lactic acid aceumu- 
lation/billion sperm. 
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The following abstracts are from papers presented at the 30th annual meeting of 
the Eastern Division of A.D.S.A., held Sept. 17 at the Eastern States Farmers’ Exchange, 


West Springfield, Mass. 


Flavor research in the food industry. Jean 
F. Cau, Arthur D. Little, Ine., Cambridge, 
Mass. 

Flavor is the problem child of the food in- 
dustry. Unknown by some, recognized yet for- 
gotten or neglected by others, it has become a 
major factor to contend with in food produc- 
tion, processing, distribution, and marketing. 
The problem of survival in this competitive 
field depends on the consumer, and flavor gives 
the leading products of the food industry the 
edge over their competitors. Rules of thumb 
for appealing flavor are: (a) An immediate 
impression of a high level of pleasant flavor; 
(b) A rapid development of blended flavor 
having interest factors and no inappropriate 
notes; (c) A quick cut-off of flavor after swal- 
lowing with no lingering aftertaste or after- 
feel. Flavor analysis is a first step in deter- 
mining and obtaining flavor appeal of a prod- 
uet. Using the flavor profile method, a trained 
laboratory taste panel can yield written records 
of all the flavor properties of any product. 
These can then be applied to improving exist- 
ing products or to the creation of new ones. 
The current literature reflects only a portion 
of the flavor being carried out or sponsored by 
the food industry; much is retained as trade 
secrets. Companies who pay attention to flavor 
and flavor research are the companies who are 
getting and keeping ahead in the food industry. 


Relative effectiveness of various antioxidants 
fed to lactating dairy cows on incidence of 
copper-induced oxidized milk flavor and on 
apparent carotene and tocopherol utilization.’ 
A. P. DeLuca, R. TeicHman, J. E. Rousseau, 
Jr., M. E. Morean, H. D. Eaton, H. P. Mac- 
Leop, M. W. Dicks, and R. E. JoHnson, Storrs 
Agr. Exp. Sta., Storrs, Conn. 


Recent reports from this station indicated 
that N,N’ - diphenyl - para - phenylenediamine 
(DPPD) was effective in preventing the oe- 
rence of copper-induced oxidized milk flavor 
when fed to lactating dairy cows and may pos- 
sibly have stimulated utilization of carotene. 
In view of the present availability of many 
other antioxidants it was decided to test their 
relative potency in preventing oxidized flavor 
and in increasing fat-soluble vitamin utilization. 


*This study was supported in part by grants 
from the Chas. H. Hood Dairy Foundation, the 
American Cyanamid Co., and the Chas. M. Cox 
Co. The Monsanto Chemical Co. and Distillation 
Products Division of the Eastman Kodak Co. 
kindly supplied some of the supplements. 


. of AOAC 


Twenty-four cows, 12 Holsteins and 12 Guern- 
seys, were selected for producing milk that 
would exhibit oxidized flavor 72 hours after 
the addition of 5.0 p.p.m. of Cu. After a 
1-week standardizing period, the cows were fed 
no antioxidant; N,N’-diphenyl-para-phenylene- 
diamine (DPPD) ; 2,6-di-tertiarybutyl-4-methyl 
phenol (BHT); 1,2-dihydro-2,2,4-trimethyl-6- 
ethoxyquinoline (Santoquin); d-a-tocopherol 
(Myvamix) at a daily rate of 0.01% of 90% 
dry matter ration and 2-methyl-1,4-napthoqui- 
none (Menadione) at a daily rate of 25 mg. for 
a 6-week comparison period. The following 
results were noted: (a) Fat percentage of the 
milk was slightly increased by the feeding of 
DPPD and Menadione and slightly decreased 
by the feeding of Santoquin; (b) total tocoph- 
erol values of the blood plasma and milk were 
apparently increased by the supplementation 
with antioxidants; (c) none of the antioxidants 
fed were as effective as DPPD in inhibiting 
the incidence of copper-induced oxidized milk 
flavor. No protection was afforded by any anti- 
oxidants except DPPD in the presence of 5.0 
p.p.m. of Cu and only partial protection by 
Myvamix and Menadione in the presence of 1.0 
p.p.m. of Cu”. 


Solids-not-fat percentage in milk: Its re- 
peatability in consecutive lactation records 
and its within breed variation among cows. 
C. J. Wiicox, K. O. Prav, R. E. MaruHer, and 
J. W. Barriert, Rutgers Univ., New Bruns- 
wick, N.J. 

Monthly milk samples taken during the past 
3 years from the Holstein and Guernsey herds 
of the Dairy Research Farm, Sussex, N. J., have 
served for the compilation of average solids- 
not-fat (SNF) percentages on lactation bases. 
Until June 1955, SNF values were calculated 
from specifie gravity, as determined by the 
Quevenne lactometer, and from fat percentage, 
as determined by the Babcock test, by the use 
tables. From June 1955 on, the 
Watson Pattern lactometer was used exclusively 
and SNF percentage calculated from tables 
developed by the USDA. A correlation of 0.919 
(highly significant) existed between results ob- 
tained by the two lactometers ‘vith no difference 
in their respective SNF means. Seventy cows, 
51 Holsteins and 19 Guernseys, had two com- 
plete lactation records and were included in the 
study. An analysis of variance showed a highly 
significant (P= 0.01) difference between breeds, 
a significant (P= 0.05) difference between 
consecutive lactations, and a highly significant 
(P= 0.01) difference among cows’ within 
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breeds. The variance among cows excluding 
breed differences amounted to 70.5%. The esti- 
mate of repeatability of SNF percentage within 
cows on a basis of consecutive lactations was 
0.804. 


Preliminary observations on the fetal uterus, 
ovaries, and adrenal glands in cattle. J. S. 
GREENSTEIN and R. C. Fotrey, Univ. of Massa- 
chusetts, Amherst. 

These observations were based on fetuses 
from cattle slaughtered at known stages of 
pregnancy. Fetal ovaries, uteri, and adrenals 
were obtained from five female fetuses aged 
124, 130, 139, 148, and 202 days. Two additional 
fetal adrenals were taken from male fetuses 
aged 137 and 165 days. In the ovary at 130 
days, the region of the rete ovarii and the 
deposition of the secondary cortex were well 
defined. At 148 days, the continued growth of 
the septula forming the tunica albuginea was 
evident along with the presence of ova. By 
202 days, the gland displayed numerous pri- 
mary follicles and Graafian follicles. The fetal 
uterus at 124, 130, and 148 days consisted of a 
relatively undifferentiated mucosa, tunica mus- 
cularis, and serosa. By 202 days, uterine glands 
had not appeared but vascularization of the en- 
dometrium and differentiation of the myo- 
metrium were apparent. In the fetal adrenal, 
the glomerulosa was the first cortical layer to 
differentiate as seen in the 124-day tissues. 
The fasciculata emerged soon after and was 
easily recognized in the 148-day fetus. Clusters 
of medullary chromaffin cells were also apparent 
within the central portion of the gland at this 
time. Both cortex and medulla underwent con- 
tinued growth and differentiation and were 
very clearly delimited by 202 days. 


Centralized processing of dairy records for 
northeastern United States. S. J. BRowNELL, 
Cornell Univ., Ithaca, N. Y. 

Electronic business machines now make pos- 
sible centralized processing of Dairy Herd In- 
provement records. The Extension Division of 
Animal Husbandry Dept., Cornell Univ., has 
established facilities and worked out procedures 
for such a service. The New York Dairy Herd 
Improvement Cooperative, Inec., has developed 
its organization with 100% affiliation of all 
local D.H.I. cooperatives in the state. The state 
cooperative has a Memorandum of Understand- 
ing with Cornell Univ. to process their records. 
This cooperative offers central processing so 
that acceptance by an individual member, a 
supervisor’s circuit, or an entire county co- 
operative will be entirely voluntary. Individual 
and loeal affiliating groups are responsible to 
the state association for all financing and com- 
plianee with the national D.H.I. rules. The 
University will bill the New York D.H.I. co- 
operative monthly at the rate of 8%¢ for 
each cow record processed. The New York 
State Association will bill each county co- 


operative 10¢ a record, which will include cost 
of forms, mailing, clerical processing, financing, 
and State Association operating costs. The 
same service will be available to any respon- 
sible state organization in northeastern United 
States as soon as it is demonstrated that the 
program is operating satisfactorily. This may 
be possible by January 1, 1957. Agreements of 
state organizations to assume financial and 
regulatory responsibilities will be made with 
the New York D.H.I. Cooperative, Inc., who 
will in turn be responsible to Cornell Univ. 


Dairy cow type evaluation. R. A. Corsert, 
Univ. of Maine, Orono. 

An attempt is being made to develop a pro- 
gram and a “usable tool” to assist dairy farm- 
ers in the improvement of type in their herds. 
Committees for each breed in an area served 
by a unit of the artificial breeding association 
are set up consisting of the breeding associa- 
tion bull committeeman for each breed, another 
dairyman keeping the same breed, and the 
county agent. (The county agent will eventu- 
ally be replaced by a third breeder.) These 
committees are trained by the extension dairy- 
man and a fieldman of the breeding cooperative. 
Only A.B. daughters which have freshened in 
D.H.I.A. herds have been type evaluated. A 
numerical system is used in the evaluation of 
each part of the animal as well as the over-all 
type rating. Results to date indicate that these 
farmer committees can do an effective job of 
type evaluation. Approximately 25 A.B. daugh- 
ters of a sire appear to be necessary to indicate 
a trend in the type transmitted by the sire. 
Production records of each animal evaluated 
are recorded on the type sheet. 


The effects of pasteurization temperatures 
and exposure to artificial light on homogen- 
ized milk held in cold storage. A. C. SMITH 
and H. Parricta MacLeop, Univ. of Connecti- 
cut, Storrs. 

Samples of winter and summer homogenized 
milk, pasteurized from 163° F. to 188° F. in 
5° F. increments by the H.T.S.T. method, were 
bottled in clear glass, stored at 40° F. in the 
dark and under 20 ft-c. of incandescent light 
for 0-, 1-, 2-, and 3-day periods. Ascorbic acid 
oxidation and degree of oxidized flavor develop- 
ment were less and progressed at a less rapid 
rate in the samples stored in the dark than in 
corresponding samples exposed to light. In- 
¢reasing the temperature of pasteurization in- 
creased ascorbic acid retention and decreased 
susceptibility to oxidized flavor development. 
Raising the temperature of pasteurization to a 
point where cooked flavor is not objectionable 
will tend to counteract these effects of light. 


Rebuilt and newly equipped plant laboratory. 
B. A. Larson, Supplee-Wills-Jones Milk Co., 
Philadelphia. - 

A fairly large dairy plant laboratory, aver- 
aging 600 plates per day, and proportionate 
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other work, was redesigned, rebuilt, and newly 
equipped for greater efficiency. Efficiency was 
measured in terms of output per man-hour, 
accuracy, and breakage and other waste. Layout 
was improved to reduce steps; air conditioning 
was installed for comfort and better hardening 
of plates; the electric supply was vastly in- 
creased; much modern equipment was installed, 
of which the most important are: large agar 
tempering bath; 35 cu. ft. refrigerator; electric 
ovens on “Skipper” timers; “Cyclamatie” auto- 
claves; all-stainless-steel 5-g.p.h. still for easy 
cleaning; a Heinicke washer that rapidly re- 
moves agar and wax pencil markings; and a 
new convenient, simple, and economical method 
of handling patrons’ samples. Results were a 
near-halving of labor costs, reduction of break- 
age by over 80%, improved accuracy, and an 
increased gross output. 


Why so few dairy technology graduates? H. 
F. JupKINS, secretary-treasurer A.D.S.A. 
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Reasons advanced for so few dairy technology 
graduates in recent years are as follows: 


(a) Poor job of recruitment of secondary 
school graduates. 


(b) Demand for engineers, physicists and 
chemists. 

(c¢) Poor handling by industry — lack of 
adequate training programs. 

(d) Hard physical work. 


(e) Lower salaries than many other fields. 
(f) Possible inadequate curriculum. 


Courses taken by 19 dairy technology stu- 
dents (1955 or 1956) in nine northeastern state 
universities showed plenty of flexibility and 
for the most part a minimum of straight agri- 
cultural courses required. 

It is coneluded that the curriculum is 
obsolete and an unimportant factor in 
searcity of dairy technology graduates. 
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THE POSSIBILITY OF COPPER-INDUCED OXIDATION OF MILK IN 
STAINLESS STEEL-WHITE METAL SYSTEMS! 


E. W. LUSAS,”** E. W. BIRD, anp W. S. ROSENBERGER 


Dairy Industry Department, Iowa Agricultural Experiment Station, Ames 





Samples of the first 30 gallons of milk through a white metal-stainless 
steel system were examined organoleptically and for Cu, Fe, and Ni contents 
and thiobarbituric acid values. Two components of the oxidized flavor that 
developed are described — one which followed the skimmilk fraction and the 
other which followed the cream phase. Hditor. 











During recent years, oxidized flavors have become prevalent in both cream- 
line and homogenized milks, during both summer and winter, in Iowa. A num- 
ber of factors have contributed to greater incidence of oxidation in milk in 
Iowa: Adoption of milk ordinances have resulted in the production of lower- 
count milks; the industry has changed to every other day or three times per 
week delivery, causing the milk to be held for longer periods before delivery ; 
and in-place cleaning practices have been adopted. During the period embrac- 
ing these changes, milk-handling systems have in the main become combinations 
of stainless steel sanitary tubing (SSST) and white metal (WM) fittings. These 
systems seem to have been accepted without question. 

Copper dissolved from WM fittings in SS-WM systems might be a contribu- 
tory factor causing oxidation in Iowa milk, particularly since Krukovsky and 
Guthrie (28) have indicated that 0.1 p.p.m. Cu in milk ean cause tallowy flavors 
to develop in 24 hours at 0 to 5° C. if the milk has not been depleted of ascorbic 
acid. This study is a preliminary investigation to attempt to determine whether 
or not the above hypothesis has any validity. 


EXPERIMENTAL PROCEDURES 


Milk samples were obtained from the market milk plant of the Dairy Indus- 
try Department on the same day each week during a 10-week period (April 5 
through June 7, 1955) ; this period included samples produced during dry feed 
and pasture feeding periods. 

The milk was received in milk cans and was transported from the intake 
to the raw milk storage tank through an all SS system about 50 ft. in length 
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(including a weigh tank, rotary pump, clarifier, and plate cooler). Between 
the raw milk storage and the can filler the system was about 200 ft. in length 
(including two centrifugal pumps, one timing pump, a standardization vat, 
pasteurizer balance tank, a homogenizer operated without pressure, and a HTST 
plate pasteurizer). The copper-bearing items in the latter part of the system 
were: three WM valves, one WM adapter, a WM plug, WM homogenizer valve 
outlet fitting, two WM nipples, and a tinned-copper, homogenizer blow-out disc. 

The raw milk samples were collected in an all SS drip-sampler at the 
highest point in the system, just ahead of the raw milk storage tanks. Pas- 
teurized milk samples were of two types, namely (a) those pasteurized by the 
HTST procedure (72.8° + 0.5° C., 16 seconds, about 18 hours after receipt; 
storage of raw milk was at 4.4° C.) and (b) those pasteurized by the low tem- 
perature—long time (LTLT) method (61.7° + 0.5° C., 30 minutes; raw milk 
from drip sampler) in a laboratory pasteurizer built to simulate spray-vat 
pasteurization. 

The HTST samples were representative composites of the first 30 gal. of 
milk through the part of the system between the raw milk holding tank and 
the can filler; the milk was caught in 10-gal. SS cans. No dairy product passed 
through the system prior to this 30 gal. of milk. This system of sampling the 
HTST pasteurized milk was adopted for two reasons, first to minimize inter- 
ference with normal plant operation, because generally other products were 
processed before either creamline or homogenized milk and, second, to permit 
a greater possibility of finding measurable increases of copper in the samples. 

Laboratory ‘‘separation’’ of milk into ‘‘cream’’ and skimmilk fractions was 
accomplished by centrifuging 250-ml. lots of milk in a size 2 International 
centrifuge at 1,800 r.p.m. for 30 minutes. The centrifuged samples were chilled 
at 4.4° C. to harden the cream layer. When solid, the cream layer was tipped 
on edge and the nonfat portion was strained through cheesecloth. The solid 
eream layer was washed with three 10-ml. portions of ice water and drained. 

Metal-free water (MF W) was obtained by redistilling a distilled water 
which had been condensed in a block tin system. Before redistilling, 15 ml. of 
of an HoSO4-NaeCR.O; solution (5% v/v H.SO, and 5% w/v Na.Cr.O7) were 
added per 18 1. distilled water to destroy organic materials. The first and last 
quarters of the distillate were discarded. The still employed was constructed 
of Pyrex glass except for the condenser inner tube, which was clear quartz. 

A Beckman, model DU, quartz spectrophotometer equipped with a red- 
sensitive phototube and tungsten lamp was employed in determining the 2-thio- 
barbiturie acid values; the trace-metal determinations were made with a Cole- 
man, model 11, Universal spectrophdtometer (PC-4 filter). Square Pyrex 
cuvettes were used with each instrument. Cuvettes were matched for use at 
520 and 535 mp» with an aqueous solution of KMnO, (0.025 g/l) and at 420 
and 465 mp with a 95% ethanolic CrCl, solution (3.5 g/l). 

Metal standard solutions were prepared from a Hilger copper electrode, 
electrolytic iron® and Mond nickel shot.” In each case the metal was washed 


”? 


* Obtained through the courtesy of Dr. H. Diehl, Dept. of Chemistry, Iowa State College. 
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with ethyl ether, 1:1 HCl in MFW, MFW, and dried. Solution was effeeted 
over a steam bath in 30 ml. 1:1 HCl in MFW by addition of successive small 
amounts of 30% HeOs. Concentrations of the stock solutions were verified by 
standard methods [copper (31) and iron (25) iodometrically and nickel as the 
dimethylglyoxime precipitate (39). 

Some deviations from the methods for determining copper, iron, and nickel 
(in milk) were employed in establishing the standard regressions. A small 
piece of litmus paper was employed to establish the pH to which the copper 
and iron solutions were taken with NH,OH. Nickel color complexes were formed 
directly with the standards (extraction was omitted). Regression equations 
were calculated by the method of Gore (15). Plotted curves were not linear 
on semilogarithmic paper, possibly because of the optical system in the Cole- 
man model 11 spectrophotometer (1). It was considered satisfactory to fit two 
equations to the plotted data (3); the sections to which these were fitted were 
selected by observation of the plotted data. 

Milk samples were wet ashed by a modified combination of the methods of 
Smith (35, 36) and of Kagi (24). The ashing apparatus was essentially that 
of Smith (36), except that the condensing funnel within the neck of the diges- 
tion flask was not employed and a standard taper was placed in the vertical 
section of the arm of the fume head, just above the stopper in the suction 
flask, for ease of dismantling. The modifications made in the Kagi procedure 
were: Fifty g. of milk® was digested with 100 ml. of acid mixture (40 vol. 
reagent 70% HClO, and 60 vol. reagent cone. HNO) on a variac-controlled 
hot plate at 175 + 5° C. until the mixture was clear and a white vapor formed. 
The hot plate temperature was raised to about 250° C. and the ashed samples 
were taken to dryness. It was necessary to take completely to dryness to pre- 
vent interference in the formation of color complexes of the several cations 
investigated. 

Aliquots of ash solution equivalent to 30 g. of milk were employed for the 
copper and iron assays and to 200 g. of milk for the nickel assays. 

Iron and copper were analyzed by an adaptation of the method of Ventura 
and White (38). The modifications made were as follows: the acidi¢e ash solu- 
tion was made alkaline with ammonium hydroxide to incipient phosphate pre- 
cipitation’ and then was acidified with 6 N reagent HCl until just clear. Three 
ml. of strong’ acetic acid-sodium acetate buffer (0.63 mol. redistilled glacial 


° Two 100 g. samples each were ashed with 200 ml. acid mixture for the nickel determina- 
tion. 

* Ventura and White (38) employed p-nitrophenol as the indicator. With the larger 
amounts of iron in milk, a ferric-p-nitrophenol complex evidertly is formed. This complex 
was orange-yellow, in contrast to the bright yellow alkaline color of the indicator. The color 
eould not be dissipated by addition of acid nor decolorized by the reducing agent. Phenol- 
pthalein yielded similar results. The calcium phosphate precipitate served satisfactorily as an 
indicator. 

“The ratios of the reagents in this buffer are those suggested by Walpole (6). The total 
concentration is five times that of the Walpole buffer. This increase in buffer capacity was 
found necessary to maintain a pH of 4.4 under the analytical conditions employed. 
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acetic acid and 0.37 mol. reagent sodium acetate per liter) were added to 
maintain a pH of 4.4. Copper diethyldithiocarbamate was extracted with suc- 
cessive 5-, 3-, and 2-ml. quantities of ethyl ether—amy! alcohol mixture. It was 
necessary to filter dispersed ether—amy! alcohol mixture from the aqueous solu- 
tion (containing ferrous-bipyridyl), after having been made to volume, through 
a small plug of nonadsorbent cotton (the first 5 ml. were discarded). 

Nickel was determined spectrophotometrically as the dimethylglyoxime by 
the method of Claassen and Bastings (5), except that the nickel was determined 
in a solution equivalent to 200 g. of milk, and the final volume of the solution 
read was 50 ml. instead of 100 ml. 

Milk samples (for scoring) were placed in half-pint milk bottles (one for 
each scoring period) and were stored in a household-type refrigerator at about 
44°C. They were scored at 1, 2, 3, 4, 6, and 8 days after receipt of the milk 
by a panel of three experienced judges. The first scoring was approximately 
7 hours after the milk had been processed. The samples were tempered to 
approximately 22° C., coded, shaken to redistribute the fat, and presented to 


the panel. They were scored in accordance with the scorecard (Figure 1) pre- 


Degree of defect 


10. No oxidized flavor 5. Strongly oxidized 
%. Flat 4. Metallic 

8. Cardboard or cappy 3. Strongly metallic 
7. Slightly oxidized 2. Slightly tallowy 
6. Definitely oxidized 1. Strongly tallowy 


Fig. 1. Seorecard employed in recording the degree of oxidation that had developed in 


the milk. 


pared jointly by the members of the panel. The judges were asked to score as 
regards (a) maximum oxidative deterioration and (b) degree of oxidized flavor 
development not greater than ‘‘strongly oxidized’’ (score of 5) in order to 
attempt to determine whether or not the 2-thiobarbituric acid (TBA) test 
seemed to correlate better with the over-all oxidative defect than with its ‘‘oxi- 
dized’’ flavor component or vice versa. 

TBA values of the milks were determined by the method of Dunkley and 
Jennings (11). They were expressed as optical densities of the solutions read. 


RESULTS AND DISCUSSION 


The accuracies of the analytical methods, as employed in this laboratory, 
were evaluated by determining recoveries of the metals added to milk samples. 
The average recoveries were: copper, 0.1 p.p.m. added, 87.2% (range 83.3 to 
90.7) ; 0.5 p.p.m. added, 92.2% (range 90.0 to 94.0); iron, 0.1 p.p.m. added, 
97.5% (range 94.5 to 101.9) ; and nickel, 97.6% (range 95.4 to 100.8, for addi- 
tions from 0.2 to 3.0 p.p.m.). The milk assays for copper and iron were cor- 
rected for recoveries at the 0.1 p.p.m. level, and the nickel analyses are pre- 


sented as determined. 
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Because copper and iron were determined essentially simultaneously on the 
same aliquot of ash solution, the interference of copper and iron with each 
other at the 0.1 and 0.5 p.p.m. levels was determined. The average values 
obtained among five trials run in quadruplicate for copper are as follows: orig- 
inal milk, 0.032 p.p.m. copper; milk plus 0.096 p.p.m. iron, 0.031 p.p.m. copper ; 
and milk plus 0.482 p.p.m. iron, 0.034 p.p.m. copper. Similar results were 
obtained for iron: original milk, 0.198 p.p.m. iron; milk plus 0.1 p.p.m. copper, 
0.195 p.p.m. iron; and milk plus 0.5 p.p.m. copper, 0.194 p.p.m. iron. These 
data confirm those of Ventura and White (38) relative to the noninterference 
of copper and of iron on the determination of the other. 

The copper, iron, and nickel contents of the raw milk (into the holding 
tank) and those of the first 30 gal. through the SS-WM system are shown in 
Table 1. The ranges of values obtained for the raw milks are: copper 0.022 


TABLE 1 
Copper, iron and nickel contents of milk before and after it passed through a system contain- 
ing white metal fittings and stainless steel sanitary tubing 














napa; Cu” ** p.p.m. Fe” “4 p.p.m. Ni’® 
Date* Raw milk Past. milk Raw milk Past. milk Raw milk Past. milk 

$- 5-55 0.042 0.165 0.202 0.237 —_— — 
4-12-55 0.041 0.130 0.220 0.218 — a 
$-19-55 0.022 0.138 0.232 0.241 —— —- 

$-Y6-55 0.030 0.167 0.260 0.304 0.000 0.054 
5- 3-55 0.030 0.084 0.236 0.216 0,000 0.045 
5-10-55 0.044 0.150 0.257 0.257 0.000 0.022 
5-17-55 0.040 0.092 0.222 0.223 —— soe 
5-24-55 0.033 0.118 0.275 0.204 a a 
5-31-55 0.040 0.147 0.224 0.252 —_— oneness 
6- 7-55 0.032 0.118 0.252 0.217 — —- 
Av. 0.035 0.130 0.238 0.237 een eee 





“Date milk received. 

"Each value the average of triplicate dete’minations. 

* Corrected for average recovery at the 0.1 p.p.m. level. 

“Composite of first 30 gal. of milk through lines; pasteurization procedure: 


5 C., 16 sec., ca. 18 hr. after receipt. 


~ 
to 
% 
It 


to 0.042 p.p.m., iron 0.202 to 0.275 p.p.m., and nickel 0.000 p.p.m. The values 
for copper in raw milk are lower than those reported by Elvehjem et al. (12) 
(0.15 mg/l, ca. 0.145 p.p.m.), Davies (9) (0.15 to 0.65 p.p.m.), Krauss and 
Washburn (26) (0.14 to 9.17 p.p.m.), Dahlberg and Carpenter (8) (0.096 to 
0.172 p.p.m.), Mellroy (29) (0.14 mg/l, ca. 0.135 p.p.m.), and Epple and’ Horrall 
(13) (0.21 to 0.24 p.p.m.); but they lie close to the ranges obtained by Conn 
et al. (7) (0.051 to 0.132 p.p.m.), Itzerott (21) (0.05 to 0.14 p.p.m.) and Munch- 
Petersen (30) (0.0553 p.p.m.). The increase in copper content as the milks 
passed through the SS-WM system averaged 0.095 p.p.m. (range 0.052 to 
0.137 p.p.m.). 

The iron contents of the raw milk samples are considerably higher (av. 0.238 
p.p.m.) than those of copper; the increase during processing was negligible. 
Again the iron values are decidedly lower than those reported in raw milk by 
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Davies (9, 10) (1.50 to 2.40 p.p.m., and 1.18 to 2.52 p.p.m., respectively) and 
by Reis and Chakmakjian (34) (2.6 to 3.6 p.p.m.); however, they lie close to 
the range reported for raw milk by Krauss and Washburn (26) (0.36 to 0.51 
p.p.m.), Dahlberg and Carpenter (8) (0.302 to 0.517 p.p.m.), and Itzerott (21) 
(0.30 to 0.77 p.p.m.). The values are higher than those reported for market 
milk by Holland and Ritchie (79) (1.2 to 1.5 p.p.m.) but agree closely with 
those reported for market milk by Johnston (22) and by Johnston et al. (23) 
(0.114 to 0.65, and 0.30 to 0.57 p.p.m., respectively ). 

No nickel was found in the raw milks, which is in agreement with the data 
of Archibald (2) for milks drawn directly into glass. The values for the proc- 
essed samples ranged from 0.022 to 0.054 p.p.m. These quantities seemed suffi- 
ciently small to warrant discounting the nickel analyses after the third series, 
since Hunziker (20) and Henderson and Roadhouse (78) indicate that nickel 
is not particularly active as an oxidative catalyst. It must be recognized, how- 
ever, that Guthrie et al. (17) indicated that nickel may cause oxidation in 
sweet milk. 

The flavor scores of the milks are presented in Tables 2 and 3. Those in 
Table 2 designate maximum oxidative deterioration of the samples; the scores 
in Table 3 indicate the development and intensity of the cardboard, cappy and 


TABLE 2 


Flavor scores of milks during storage at ca. 4.4° C. 





Flavor scores at following holding times after raw 
milk reeeived (days)” 











Date* Type of . 
milk ] 2 3 4 6 8 
$- 5-55 Raw 10.0 YS 8.5 8.0 6.7 Dp 
Past.‘ 7.0 4.2 4.0 3.0 2.0 5.3 
4-12-55 Raw 8.3 9.7 9.4 8.7 8.2 D 
Past. 10.0 5.7 4.2 13 27 2.0 
4-19-55 Raw 10.0 8.8 8.2 8.3 D D 
Past. 7.7 9.2 4.0 4.7 2.7 2.0 
$-P6-55 Raw 10.0 10.0 8.7 o0 D D 
Past.’ 8.0 6.3 5.5 4.3 7.2 6.7 
5- 3-55 Raw 95 10.0 9.7 8.3 D D 
Past. 10.0 6.7 3.8 3.7 1.7 5.7 
5-10-55 Raw 10.0 9.3 9.7 9.7 9.2 D 
Past.‘ 9.7 6.7 5.5 6.3 6.0 S3 
5-17-55 Raw 9.7 10.0 10.0° 9.8 ° D D 
Past. 10.0 8.5 8.0° 10.05 8.7 D 
5-24-55 Raw 10.0 10.0 10.0 10.0 10.0 D 
Past.‘ 10.0 73 7.0 6.7 6.0 9.5 
5-31-55 Raw 10.0 ° 10.0 10.0 D D D 
Past.’ 10.0° 8.3 7.8 6.8 7.0 Pe 
6- 7-55 Raw 10.0 10.0 ° 10.0 _ D D 
Past.‘ 10.0 6.3 4.7 - D 9.2 
Av. Raw 9.9 9.8 9.4 9.0 8.6 D 
Past.’ 9.2 6.5 5.5 5.4 1.3 5.9 





* Date milk received. 
Averages of scores of three judges unless otherwise noted. 
Composite of first 30 gal. of milk through lines; pasteurization procedure: 72.8 + 0.5° C., 
16 see., ca. 18 hr. after receipt. 
“All samples designated by D showed decomposition and were not included in averages. 
* Averages of scores of two judges. 
‘ Seore of one judge. 


' 





COPPER-INDUCED OXIDATION OF MILK 1493 


TABLE 3 
Flavor scores of milks during storage at ca. 4.4° C. for defects with numerical 
equivalents not less than 5 





Flavor scores at following holding times after raw 
milk received (days)” 








Date* Type of = 
milk 1 > 3 4 6 8 
4$- 5-55 Raw 10.0 9.8 8.5 8.0 6.7 D" 
Past.‘ 7.0 5.0' —- —- 7.5° 
$-12-55 Raw 9.3 9.7 9.4 8.7 8.2 D 
Past. 10.0 D7 5.0° 5.0' 
$-19-55 Raw 10.0 8.8 8.2 8.3 D D 
Past. iy | 5.3 5.3 7.3 6.5 120° 
$-26-55 Raw 10.0 10.0 8.7 9.0 D DD 
Past. 8.0 6.3 5.7 6.2 73 6.7 
d- 3-55 Raw 9.5 10.0 9.7 8.3 D D 
Past. 10.0 6.7 5.0' 5.7 9 5.7 
5-10-55 Raw 10.0 9.3 9.7 9.7 9.3 D 
Past. 9.7 6.7 5.7 6.3 6.0 5.3 
5-17-55 Raw 9.7 10.0 10.0 ¥.8° D D 
Past. 10.0 8.5 8.0° 10.0° 8.7 ID 
3-24-55 Raw 10.00 10.0 10.0 10.0 10.0 D 
Past. 10.00 y Be 7.0 6.7 6.0 ' 0.5 
5-31-55 Raw 10.0 10.0 10.0 D D D 
Past. 10.0 8.3 7.8 6.8 7.5 13 
6- 7-55 Raw 10.0 10.0 10.0 _— D D 
Past. 10.0 6.3 5.7 —~ D 9.2 
Av. Raw 9.9 9.8 9.4 9.0 8.6 D 
Past. 9.2 6.6 6.1 6.8 6.8 7.3 








“Date milk received. 

" Averages of scores of three judges unless otherwise noted. 

“Composite of first 30 gal. of milk through lines; pasteurization procedure: 72.8 + 0.5 C., 
16 see., ca. 18 hr. after receipt. 

“ All samples designated by D showed decomposition and were not included in averages. 

“ Averages of scores of two judges. 

‘ Score of one judge. 


oxidized components of the over-all flavor. The raw milk samples developed 
defects as pronounced as ‘‘oxidized’’ in one case only (6th day, 4-5 sample) ; 
other defects were cardboard or cappy. The general trend of the HTST pas- 
teurized samples was toward oxidized flavor development (Table 2); in some 
instances, slightly oxidized flavors were evident within 7 hours after processing. 
Metallic and tallowy flavors developed in several samples (4-5, 4-12, 4-19, 5-3). 
The variation of the scores and criticisms of the samples with storage time 
(Table 2) indicates that the intensity of the oxidized flavors reaches a maximum 
and then becomes less. This trend is likewise shown by the cardboard, cappy, 
and oxidized flavor components (Table 3). 

Inasmuch as the increase in iron content was insignificant and that of nickel 
seemed unimportant, it may be that an increase of about 0.1 p.p.m. in the copper 
content is important in catalyzing oxidized flavor development during storage 
and that lesser amounts may be important in the production of cardboard and 
cappy flavors in milk produced under current handling conditions, which neces- 
sitate a greater age of the milk at the time of delivery. Pont’s data (33) indi- 
cate that 0.1 p.p.m. Cu added to market milks generally (though not always) 
produced slight cardboard flavor in milk. Krukovsky and Guthrie (28) report 
oxidized flavor development by 0.1 p.p.m. added copper that was much more 
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rapid than that obtained by natural pick-up in these studies. These data sug- 
gest that Henderson and Roadhouse’s hypothesis (/8) that sufficient copper is 
not dissolved from SS-WM systems to cause oxidative deterioration in milk may 
not be valid with lower count milks held for longer times (after processing 

before delivery. 

These data likewise suggest that were the milk bottled directly, the first 
bottles off the line might develop oxidized flavor rapidly, with subsequent ones 
less and less rapidly. In fact, such situations have been reported by Tracy and 
Ruehe (37) and by Dahlberg and Carpenter (8) for milks contaminated from 
tinned copper, bronze pumps, and a nickel-copper-zine alloy. The latter authors 
found that solution of copper and iron and acceleration of flavor defects oc- 
eurred when milk at pasteurization temperature was passed through the lines 
cold milk did not develop the defect. In the study reported in this paper the 
milk was cold as it passed through the system except at the HTST pasteurizer. 
This preliminary study indicates the need for more extensive studies with 
SS-WM. systems. 

The TBA values of the milks (Table 4) indicate (a) that there was little 
oxidation in raw milk, which agrees with the flavor scores in Tables 2 and 3; 
(b) that the presence of oxidation could be shown in microbiologically decom- 
posed samples, when organoleptic evaluation could not be made; (c) that the 


TABLE 4 


2-Thiobarbituric acid values of milks during storage at ea. 4.4 











~-Thiobarbiturie acid values at following ho!ding times afte: 
raw milk received (days 





Date Type of ——_—- ——— a 
milk l 2 3 t tj 
4- §-55 Raw 0.018 0.019 0.023 0.026 0.022 ao2a" 
Past.° 0.030 0.053 0.063 0.064 0.060 0.053 
4-12-55 Raw 0.013 0.014 0.015 0.012 0.013 0.017° 
Past. 0.015 0.035 0,053 0.049 0.057 0.05] 
$-19-55 Raw 0.022 0.046 0.022 0.022 0.024" 
Past. 0.024 0.066 0.058 0.063 0.058 —— 
4-96-55 Raw 0.022 0.020 0.025 0.022 0,022" O.024" 
Past. 0.031 0.033 0.045 0.047 0.043 0.041 
5- 3-55 Raw 0.023 0.022 0.022 0.023 0.023" 0.023" 
Past. 0.022 0.033 0.045 0.046 0.050 0.046 
5-10-55 Raw 0.031 0.028 0.028 0.025 0.026 0.024" 
Past. 1.034 0.042 0.049 0.048 0.053 0.054 
5-17-55 Raw 023 0.017 0.017 0.018 0.030" 0.030% 
Past. 0.023 0.022 0.025 0.027 0.062 0.020" 
§-24-55 Raw 0.030 0.028 0.029 0.025 0.024" 0.025" 
Past. 0.031 0.046 0.047 0.042 0.044 0.024 
5-31-55 Raw 0.017 0.023 0.022 0.023" : —_ 
Past. 0.022 0.029 : 0.032 0.033 -_— ——- 
6- 7-55 Raw ~ 0.022 0.033 0.023 0.025" O18" 
Past. . 0.034 0.053 0.050 0.028" 0.027 
Av. Raw 0.023 0.024 0.024 0.022 0.024 0.023 ° 
O.045 


Past. 0.027 0.039 0.047 0.047 0.051 
* Date milk received. 
® Values expressed as optical density. 


St0a Cy 


“Composite of first 30 gal. of milk through lines; pasteurization procedure: 
16 see., ca. 18 hr. after receipt. 


“Samples which showed decomposition and were not score organoleptically. 
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Fig. 2. Average flavor scores and thiobarbituric acid values of companion raw and pas- 


teurized milks during an 8-day storage period. 


spoilage organisms did not seem to produce compounds that increased the TBA 
color of the samples; and (d) that the HTST pasteurized samples showed an 
increase in TBA value followed by a decrease as storage time (at about 4.4° C.) 
increased, which again is in agreement with the organoleptic evaluation. 

Two of the objectives in determining the TBA values were to attempt to 
establish: (a) whether or not the TBA values varied as the oxidized flavor of 
the milk varied and (b) whether the TBA values showed better correlation 
with the over-all oxidized flavor of the milk than it did with the cardboard, 
cappy, and oxidized component of the flavor, or vice versa. Figure 2 indicates 
that the TBA values and the milk scores vary inversely with each other. Based 
on the changes in the curvature of the plot of the average TBA values, the 
average over-all scores, and the average scores for the cardboard, cappy, and 
oxidized component, it would appear that the agreement was better between the 
TBA values and the cardboard to oxidized component than it was between the 
TBA values and the over-all oxidized flavor defects. 

When this project was somewhat more than half completed, it was decided 
to pasteurize raw milk (from the drip sampler) in a laboratory pasteurizer 


that simulated spray vat pasteurization. It was considered that a comparison 
of the flavors, TBA values, and copper and iron contents of the companion 
LTLT and HTST pasteurized samples might indicate whether the increase in 
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copper in the HTST pasteurized milks might be the causative agent in the 
oxidation of these samples. Four such comparisons were made. The copper and 
iron values agreed well with those of the raw milk with one exception, in which 
the copper content increased but was lower than that of the HTST pasteurized 
sample. The copper may have entered the sample before pasteurization since 
no oxidized flavor developed (4). No oxidation occurred in the LTLT pasteur- 
ized samples, and the TBA values were essentially constant. Except for a 
somewhat higher heated flavor in the LTLT than in the HTST pasteurized 
samples (which suggests somewhat higher sulfhydryl content), the comparisons 
suggest that the difference in oxidative susceptibility of the two sets of samples 
probably resulted from the copper dissolved from the SS-WM system. 

During the last two series, the HTST pasteurized milks were separated into 
a ‘‘cream’’ and a ‘‘skimmilk’’ portion shortly after pasteurization, and on the 
third day after pasteurization with similar milk in the second from the last 
series. Flavor seores were obtained from the cream and skimmilk fractions and 
TBA values for the skimmilks. The cardboard to oxidized component of the 
over-all flavors was found in the skimmilk fractions, whereas the metallic and 
tallowy flavors were in the cream fraction. Moreover, the cardboard to oxidized 
component in the skimmilks increased in intensity and then decreased, as had 
been the case with the whole milks. These findings suggest that in these milks 
there were two distinet components to copper-induced oxidized flavor and that 
the cardboard to oxidized and the metallic components may readily be separated 
from each other by centrifuging the milk. 

In connection with the two types of flavor noted above and the distribution 
of these flavors between the skimmilk and cream fractions, the literature is 
somewhat confusing. Frazier (14) stated that light-activated cardboard flavor 
developed in milk and cream from this milk but not in the equivalent skimmilk ; 
Pont (32) considered that there were two types of light-activated flavor: ecard- 
board and tallowy in the milk or its cream and scorched and gluey in the 
skimmilk, and he (33) considered that in copper-induced oxidation, cardboard 
flavor was produced in the skimmilk and oily-metallie flavors as a result of fat 
oxidation; Tracy and Ruehe (37) stated that sunlight causes a tallowy flavor 
accelerated by metals and a burnt flavor (in skimmilk) not accelerated by 
metals; Krukovsky (27) indicated that soapy-tallowy flavors occurred in the 
skimmilk fraction whereas metallic to fishy flavors were in the lipid fractions; 
and Guthrie (76) thought that metallic flavor was associated with the cream 
layer but not with the skimmilk layer. 

The data resultant from this study are in agreement with the information 
cited above in that the flavor development resulting from copper-induced oxida- 
tion under commercial conditions is not a single flavor, but that at least two 
flavor types are involved, one more or less intimately associated with the cream 
fraction, the other with the skimmilk fraction. It is not within the province 
of this study to attempt to establish the precursors of the two flavors, although 
it would seem that the total lipids of the fat globule might be involved in the 
metallic to tallowy flavors in the eream layer. 
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SUMMARY AND CONCLUSIONS 


Oxidation in both creamline and homogenized milk has been troublesome 
in lowa, even during summer. This study was undertaken, therefore, to obtain 
refutation or confirmation of the hypothesis: The quantity of copper dissolved 
from stainless steel-white metal (SS-WM) systems could cause oxidation in 
milk with low-bacterial load, which is currently held longer times after pas- 
teurization because of every other day or three times per week delivery. 

Copper, iron, and nickel analyses, flavor scores, and thiobarbituric acid 
(TBA) values were obtained on raw and companion HTST milks once per 
week during 10 weeks (April 5 through June 7, 1955) so that both winter 
feed and pasture feeding regimes were included. 

The ranges of metal contents of the raw milks were: copper, 0.022 to 0.042 
p.p.m.; iron, 0.202 to 0.275 p.p.m.; and nickel, 0.000 p.p.m. The average in- 
creases in metal contents were: copper, 0.095 p.p.m.; iron, 0.0 p.p.m.; and 
nickel (3 series only), 0.04 p.p.m. 

Generally all the milks which had passed through the SS-WM system oxi- 
dized readily. The flavor defects either increased during the entire storage 
period or tended to decrease on the sixth and/or eighth days. Comparisons 
(four series) of laboratory vat pasteurized and companion HTST pasteurized 
milks indicated that the increase in copper content was the likely cause of the 
oxidized flavor development of the milks which passed through the SS-WM 
system. 

The over-all oxidized flavor seemed to have two components, one a cardboard 
to oxidized type which followed the skimmilk fraction, the other a metallic to 
tallowy type which followed the ‘‘cream’’ phase when the milks were separated 
in a laboratory centrifuge. 

The flavor scores and TBA values varied inversely with each other. The 
data are interpreted as indicating closer correlation between the TBA values 
and the cardboard to oxidized component of the total oxidized flavor than 
with the over-all oxidative change. 
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The changes occurring in the viscosity of 4% fat milk homogenized at 
pressures of 15 to 3,500 p.s.i. were measured at temperatures ranging from 
4° to 49° C. with an Ostwald viscometer. Hditor. 











The effects of homogenization upon the viscosity of pasteurized whole milk 
have been studied by many investigators (1-5, 8, 10, 12-15). Wiegner (16) and 
Buglia (2) were among the first to report an increase in milk viscosity as a 
result of homogenization. In 1924, Evenson and Ferris (5) reported: ‘‘ Homog- 
enization of whole milk at 3,500 p.s.i. increases considerably the viscosity of 
milk. At 1,200 p.s.i. the increase in viscosity was to a small extent only.”’ 
According to Bateman and Sharp (1), who studied two samples of milk, the 
viscosity of whole milk was materially increased by homogenization. Later 
Doan (4), Tretsven (12) and others reported similar results. However, Trout 
et al. (14) found that homogenization decreased the viscosity of pasteurized 
whole milk. Some investigators (4, 172) found the fat content of the milk to be 
an important factor, and homogenization temperature was reported by Doan (4) 
to be a factor of some importance. Differences in the temperatures at which 
viscosities were measured appear not to have been considered as a cause of con- 
flicting results. The data on viscosity of milk were obtained with many types 
of viscometers, some of which lacked the precision to detect small variations in 
viscosity. The complicating effects of age or time of storage of milk have usually 
been ignored, and frequently precise temperature control of milk in the viscom- 
eter was lacking. After reviewing the literature pertaining to the viscosity of 
homogenized milk, Trout (13) stated: ‘‘Some differences of opinion seem to 
prevail among authorities as to the effect of homogenization upon the viscosity 
of milk. This is not surprising, considering the many possible temperature and 
pressure relationships which may exist in processing milk.’’ In solutions as 
complex as milk, viscosity changes may, be the result of many factors, some of 
which were discussed by Moore et al. (9) and by Hermans (7). The purpose 
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of this paper is to report the effects of homogenization pressures of 15 to 3,500 
p.s.i. on the viscosity of whole, pasteurized milk at temperatures ranging from 
4° to 49° C. 


PROCEDURE 


Mixed milk from 100 cows of six dairy breeds was used in these experiments. 
The milk contained 4% fat and 13% total solids. After pasteurization in a 
200-gal. vat at 62° C. for 30 minutes, 30 gal. of milk was immediately divided 
into 20 samples. One unhomogenized sample was quickly cooled in a bath of 
ice water to 4° C. and stored until viscosities were measured. Ninteen samples 
were processed in homogenizers at 59° C. according to the following procedure : 
Each of nine samples was put through a laboratory homogenizer previously 
deseribed (10) at one of the following pressures: 15, 25, 35, 50, 100, 175, 200, 
250, or 300 p.s.i. Each of the remaining ten samples was processed in one stage 
of a commercial 125 gal. per hour homogenizer at one of the following pressures : 
300, 500, 700, 1,000, 1,200, 1,500, 2,000, 2,500, 3,000, or 3,500, p.s.i. After ho- 
mogenization, each sample was cooled as described above to 4° C. When that 
temperature was reached, the time was recorded as zero age. Measured viscosity 
values were adjusted to age 50 hours (15). 

Viscosities were determined with an Ostwald viscometer, modified as previ- 
ously deseribed (15). The flow times of each milk sample were measured at 
two viscometer pressures because milk is a non-Newtonian liquid. The different 
pressures were obtained by placing the viscometer in a vertical and an inclined 
position. There was a three-fold increase in the flow time for water when the 
viscometer was inclined. 

Statistical treatment of the viscosity data consisted of multiple linear regres- 
sion analysis of the linear, quadratic, and cubic trends of viscosity with homog- 
enization pressure. Two types of homogenizers, two positions of the viscometer, 
and nine temperatures at which viscosities were measured, were involved in 


this analysis. 
RESULTS 


As homogenization pressures were increased above 300 p.s.i. with a com- 
mercial sized homogenizer, there were obvious increases in the viscosity of the 
whole pasteurized milk at all temperatures at which viscosities were measured 
(Figure 1). The numerical increases in viscosity as a result of increasing ho- 
mogenization pressures were greater when viscosities were measured at low 
temperatures. The relative increases, however, as determined by dividing the 
initial viscosity into the increase were net materially different at 49° C. from 
those at 4° C. Homogenization at pressures of 1,000, 1,500, 2,000, 3,000, and 
3,500 p.s.i. increased viscosity as compared with the unhomogenized milk by 
respective averages of 7.1, 9.2, 11.9, 13.7, and 15.0%. 

More complex effects on viscosity were found when the pasteurized whole 
milk was treated at lower pressures in the laboratory homogenizer. At all tem- 
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peratures, and when measured with the vertical viscometer, viscosities of the 
sample of milk that had been subjected to a homogenization pressure of 25 p.s.i. 
were lower than for the unhomogenized milk. Differences between the viscosi- 
ties obtained with the vertical and inclined viscometer were greater after this 
pressure than for samples treated at any other homogenization pressure. Homog- 
enization pressures, after which viscosities were least, varied when viscosities 
were measured with the inelined viscometer. At each temperature, and for 
some increase of homogenization pressure in the range 15 to 300 p.s.i., the 
viscosity decreased. This decrease in viscosity sometimes followed a previous 
increase at lower pressures. No reason is known for these more complex viscosity 
differences at low homogenization pressures. The fact that curves of viscosity 
versus homogenization pressure were usually nearly continuous at 300 p.s.i. 
indicates that similar homogenization effects were obtained from the commer- 


cial type and laboratory type of homogenizer. 


TABLE 1 


of factors affecting the viscosity of milk 


a 


Statistical analysis’ 








Position of 














viscometer Vert. Inel. Vert. Inel. 
Homogenizer 
component Lab. 15 to 300 p.s.i. Coml. 300 to 3,500 p.s.i. 
of trend. L Q Cc L Q Cc L, Q Cc L, Q Cc 
Temp. (°C) Degree of significance" 
4 0 0 0 0 0 2 4 2 0 4 2 0 
8 0 a 3 0 0 2 4 a 0 4 0 0 
18 0 0 1 0 0 1 4 2 0 4 3 0 
22.7 0 0 1 0 0 0 4 0 = 4 3 0 
29 2 0 2 2 0 2 + 0 0 t 3 0 
34 2 0 1 0 0 0 4 1 0 4 2 0 
39 2 0 0 3 0 0 + 2 0 4 2 0 
44 1 0 3 3 0 0 4 l 0 4 2 0 
49 2 0 0 3 0 0 4 1 0 4 2 0 





* Significance of linear, L, quadratic, Q, and cubie, C, components of trends of viscosity 
of milk with homogenization pressures increasing from 15 to 3,500 p.s.i. Tested at nine tem- 
peratures, using a laboratory or a commercial homogenizer, and using the viscometer both 
vertical and inclined enough to give a three-fold increase in flow time for water. 

°“0=F was above 10% level= NS; 1=F in the 5 to 10% level = border line NS; 2= 
F in the 1 to 5% level=*; 3=F in the 0.1 to 1% level =**; 4=F < 0.1% level=***. 


Statistical analysis (Table 1) indicates that the linear increase of viscosity 
with homogenization pressures over 300 p.s.i. was always significant at the 0.1% 
level (scored 4). This is the major over-all trend. The quadratic statistical 
trends, indicating some curvature in the general linear increase of viscosity 
with homogenization pressure, are somewhat obscured in Figure 1 by the log- 
arithmic seale of pressures. However, they were significant (scored 2 or 3) in 
eight of the nine tests with the inclined viscometer. These trends were less 
pronounced for the vertical viscometer. The scores of 1 or 2 in six of the nine 
tests still appear to differ, however, from the scores of 0 in quadratic trends 
which were consistently found at pressures below 300 p.s.i. The existence of 


some significant cubie trends indicated a tendeney for a curve to be econeave 
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Fig. 1. Effects of homogenization pressure on viscosities of milk. All viscosities adjusted 
) or inclined (——--—- ). Breaks 





to age 50 hours, and measured with viscometer vertical (— 
at 300 p.s.i. are at change from laboratory to commercial homogenizer. 


upward over one pressure range but concave downward over another range. At 
pressures over 300 p.s.i. such cubic trends were not significant even at a 10% 
level (scored 0) in all tests with the inclined viscometer and in eight of the 
nine tests with the vertical viscometer. 

When milk was homogenized at pressures below 300 p.s.i., the only signifi- 
cant viscosity-pressure trends at temperatures below 23° C. were cubic. At 
higher temperatures the linear trend was more consistent with the vertical 
viscometer (scored 1 or 2) but was usually more pronounced (scored 0, 2, 3) 
with the inclined viscometer. Quadratic trends at pressures below 300 p.s.i. con- 
tinued to score 0 at the higher temperatures. The significant cubic statistical 
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trends at some temperatures usually indicated a tendency for viscosity to 
increase at pressures near 300 p.s.i. after a decrease beginning at pressures 
near 15 p.s.i. 


DISCUSSION 


The increase in the viscosity of pasteurized whole milk with homogenization 
pressure, reported here, substantiates and extends the range of some studies 
previously reported (1, 5). The lower homogenization pressures used in this 
study are not enough to significantly disintegrate fat globules. Effects of sus- 
pended inert particles on viscosity depend on the total volume of particles rather 
than on the size of individual particles. The exact causes of changes in the 
viscosity of milk as a result of homogenization are therefore obscure. They may 
be entirely independent of the changes in fat particle size used to define homog- 
enization. They may include indirect effects of decreased particle size on the 
volume and composition of globule membranes. 

Increases in the viscosity of colloids are sometimes ascribed (a) to changes 
in particle shape (e.g., uncoiling of chains or unfolding of surfaces in protein 
particles) ; (b) to transfer of material from the continuous phase to the disperse 
phase (e.g., the complexing of proteins with water, sugar, fat, or enzymes) ; or 
(c) to electroviscous effects. Electroviscous effects may involve electric charges 
or zwitterions on the surface of protein particles and possibly also charges 
buried in the folds or coils of the long chains of a globular protein. Effects 
similar to electroviscous may also involve Van der Waal’s type of interaction 
between particles (11) or degrees of hydrogen bonding (e.g., hydration) not 
strong enough to be recognized as stable complexes (6). 

Effects of temperature on viscosity may more clearly indicate causes of these 
differences in viscosity. The precision of several theoretical and empirical equa- 
tions relating the temperature and viscosity of milk is being studied. Effects 
of such faetors as previous heat treatment, mineral content or nature of mineral 
combinations, amount of numerous minor organic constituents, as well as con- 
centration of major constituents, are a wide field for numerous studies. Differ- 
ences in viscosity not only directly affect the stability and attractiveness of 
some fluid milk products but also may be important in the processing of milk 
products for use in other foods. 


SUM MARY 


Data on effects of homogenization pressures from 15 to 3,500 p.s.i. on the 
viscosity of whole pasteurized milk at temperatures from 4° to 49° C. are re- 
ported. As homogenization pressures were increased above 300 p.s.i. there were 
highly significant linear increases in viscosity when measured at 9 temperatures. 
Pressures of 1,000, 1,500, 2,000, 3,000, and 3,500 p.s.i. increased viscosity as 
compared with the unhomogenized milk by respective averages of 7.1, 9.2, 11.9, 
13.7, and 15.0%. Quadratic trends were also present. At pressures below 300 
p.s.i. and temperatures above 23° C., linear trends were usually significant. At 
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lower temperatures there were no significant linear or quadratic trends. Cubic 
trends sometimes indicated an increase in viscosity at pressures near 300 p.s.i. 
after a decrease beginning at pressures near 15 p.s.i. 
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THE SPECIFICITY OF MILK LIPASE. I. DETERMINATION OF 
THE LIPOLYTIC ACTIVITY IN MILK TOWARD 
MILK FAT AND SIMPLER ESTERS! * 


E. N. FRANKEL® anp N. P. TARASSUK 


Department of Dairy Industry, University of California, Davis 





In the study of the lipolytic activity in milk toward milk fat, standard 
methods of procedure are necessary. This study reports the results of the 
optimum conditions for the activity of milk lipase toward a variety of esters. 


’ 


The pH optima for milk fat and esters studied are given. Fditor. 











The choice of proper substrates for lipase determination has been a subject 
of considerable controversy in biochemical and dairy literature (2,7, 14, 15, 27). 
Disagreement in the choice of substrates may stem from the conflicting results 
obtained in studies of the specificity of this group of enzymes (2, 7). In regard 
to milk, part of the confusion may be attributed to the arbitrary conditions chosen 
for the development of lipolysis. 

To avoid some of the difficulties arising from the use of milk fat as an emul- 
sion, several investigators have proposed to measure the lipase activity of milk 
with simpler esters. Tributryrin has been one of the most common substrates 
used (1, 17, 18, 20, 21, 26). Chromogenic esters have been used to permit the 
application of sensitive colorimetric methods (9, 13). Tween-20, a soluble poly- 
oxyethylene ester of laurie acid and sorbitan, has been commonly used in systems 
other than milk (4, 5, 11). However, since these esters differ greatly from the 
natural substrates of lipase, their use for lipase determination has been questioned 
(7, 24,18, 19. 32, 37): 

The lipolytic activity of milk toward various natural fats was studied by 
Gould (12). Kelly (16) compared the hydrolysis of different simpler esters and 
milk fat, but the optimum conditions for hydrolysis were not determined. Dunkley 
and Smith (8) found a correlation between the tributyrin and milk fat hydrolyses 
in the milk from individual cows and a similarity in the pH-activity curves for 
these two activities at 10° C. These results were considered by the authors to 
provide justification for the use of tributyrinase determinations as a measure of 
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lipase in milk. However, the implications of their study are difficult to interpret 
because, although the conditions used for the tributyrin hydrolysis were optimal, 
not all of those used for the milk fat hydrolysis were. In addition, the reliability 
of the method used by these authors for the determination of free fatty acids 
liberated from milk fat was not evaluated. 

The optimum conditions for the hydrolysis of tributyrin in milk have been 
well standardized (17, 20, 21, 26). Unfortunately, similar efforts have not been 
made to standardize methods of determining the lipolytic activity in milk toward 
milk fat. The optimum pH has been reported for lipolysis in cream samples as 
8.4 to 8.6 at 3-4° C. (23), and for the lipolysis of milk fat homogenized in rennet 
whey as between 8 and 9 at 35-40° F. (12). However, the reaction mixtures in 
these studies were not buffered, and the pH therefore varied during the reaction 
period. Dunkley and Smith (8) found an optimum pH of 9.5 at 10° C. for the 
lipolysis of milk fat homogenized in skimmilk and buffered with 0.1 W borate. 
In all of the above studies the substrate concentration and times and tempera- 
tures of reaction were chosen arbitrarily. Yet these factors greatly influence the 
optimal conditions for enzyme action. Schwartz et al. (25) have reported a study 
of factors affecting the lipase activity by employing freeze-dried skimmilk as the 
lipase source and milk fat as the substrate, but the results have not been published. 

The specificity of milk lipase was studied in this series of papers on the basis 
of the relative lipolytic activity in milk toward Tween-20, methyl butyrate, tri- 
butyrin, and milk fat. These esters were chosen to vary widely in solubility and 
susceptibility to lipase. The relative lipolytic activity in milk toward such a 
variety of esters can only be compared at optimum conditions for activity. This 
paper presents a study of the optimum conditions for the activity in milk 
toward these esters, by using extraction-titration methods for the determination 


of free fatty acids. 


EXPERIMENTAL PROCEDURE 


Materials. The enzyme source consisted of skimmilk prepared by centrifuga- 
tion from freshly drawn raw mixed milk. The skimmilk was used as such or 
lyophilized. The skimmilk powder was resuspended in water or buffer before 
use with a Servall Omni-mixer* at low speed. 

Stock solutions of Tween-20° and methyl butyrate® and stock emulsion of 
tributyrin® were prepared each time before use (to reduce to a minimum the 
development of fatty acids upon standing). Free fatty acids were removed from 
Tween-20 by passing a 20% solution (by weight) through an ion exchange column 
of Amberlite IRA 400,’ activated with 0.1 N NaOH by the method of Borgstrém 
(6). The tributyrin emulsion (12.5%) was prepared by emulsifying with the 


‘This is a stainless steel blendor actuated by a 15,000 r.p.m. motor, supplied by Servall, 
Ine., New York. 

° Obtained from Atlas Powder Co., Wilmington, Delaware. 

‘Obtained from Eastman Kodak Co., Rochester, New York. 

* Donated by Rohm and Haas Co., Philadelphia, Pennsylvania. 
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Omni-mixer (at low speed) a mixture of 2.0 g. tributyrin, 5.0 ml. 1 JW borate 
(pH 7.5), 1 g. skimmilk powder (Starlac), and 8.0 ml. distilled water. Pas- 
teurized homogenized cream containing 38 to 40% fat was used as the source of 
milk fat. This cream was obtained from pasteurized milk (holding) and homogen- 
ized at 2500 p.s.i. (2nd stage = 500 p.s.i.) at 40° C. The homogenized cream was 
steamed for 12 minutes in the presence of 1% toluene in lots of 50 ml. in open 
125-ml. Erlenmeyer flasks under a slight positive pressure. The cream thus treated 
could be kept at 0-5° C. in tightly stoppered flasks for more than a month without 
any bacterial growth. Toluene had no deleterious effect on the lipase activity. 


Methods. The assay method consisted of reacting the buffered reaction mix- 
ture in 50-ml. Erlenmeyer flasks in a Warburg constant temperature bath® at 
37.0° C. for appropriate time intervals with constant horizontal shaking (about 
150 evcles per minute). The procedure was carried out as follows. The sub- 
strate was measured into the reaction vessels, followed by the buffer and a pre- 
determined volume of 0.5 N or 1 N NaOH and distilled water to a given volume. 
After temperature equilibration in the bath for 10 minutes, the enzyme material 
was added and the contents were well mixed. The free fatty acids were determined 
in aliquot samples of reaction mixture taken at zero time and at the end of the 
reaction period. The reaction was stopped in these samples by addition to either 
alcohol (for Tween-20 and milk fat) or phosphorie acid (for methyl butyrate 
and tributyrin) in the centrifuge tubes to permit subsequent extraction of free 
fatty acids. F 

The optimum conditions found and adopted for determination of the lipolytic 
activity of milk were as follows: enzyme — 8% lyophilized skimmilk or 40% fresh 
skimmilk ; substrates — 4% Tween-20, 4% tributyrin, 0.07 M methyl butyrate, 
15% milk fat; buffer — 0.1 M borate ; pH — 8.8 for Tween-20 and tributyrin, 8.0 
for methyl butyrate and 8.8-9.0 for milk fat ; reaction time — 1 hour for Tween- 
20, methyl butyrate and milk fat, 15 minutes for tributyrin ; temperature — 37.0‘ 
(. The composition of the reaction mixtures as routinely used in this study was as 
follows: Tween-20: 2.50 ml. 1 M borate (pH 7.5) + 5.0 ml. 20% Tween-20 + 10.0 
ml. skimmilk + 1 N NaOH to pH 8.8. + distilled water to 25.0 ml. Methyl buty- 
‘ate: 14.0 ml. 0.15 M methyl butyrate in borate buffer (17.85 ml. 1 M borate 
per 100 ml. solution) + 10.0 ml. skimmilk + 0.5 N NaOH to pH 8.0 + distilled 
water to 25.0 ml. Tributyrin: 4.0 ml. 12.5 % buffered tributyrin emulsion + 5.0 
ml. skimmilk + 1 N NaOH to pH 8.8. + distilled water to 12.5 ml. Milk fat : 1.25 
ml. 1 M borate + 4.7 g. 40% homogenized cream + 5.0 ml. skimmilk + 1 NV NaOH 
to pH 8.8-9.0 + distilled water to 12.5 ml. 

Controls were run for possible nonenzymatic hydrolysis (with pasteurized 
skimmilk) or endogenous hydrolysis (in the absence of substrate) at the optimum 
pH. No hydrolysis could be detected under these conditions for any of the sub- 
strates. The possible contribution of any bacterial action also was checked. No 


“The manometer supports (without the manometers) were fitted with special clamps to 
firmly hold the reaction vessels immersed about 3 em. below the water surface. 








sarees 


| 
4 
j 
3 
4 
4 





Sa 


ss 


ST aS 








SPECIFICITY OF MILK LIPASE. I. 1509 


increase in the plate counts occurred during the first two hours of reaction (milk 
fat hydrolysis). 

The ‘‘activity unit’’ as used in this study is defined as milliliters of 0.01 N 
NaOH (required to neutralize the fatty acids liberated) per minute (of reaction 
time). After standardization of the procedure, the activity units were converted 
into ‘‘enzyme units’’ (or ‘‘lipase units’? for milk fat hydrolysis), one enzyme 
unit being equal, by definition, to the amount of enzyme that produces one 
activity unit. 

A modification of the extraction-titration method of Frankel and Tarassuk 
(10) was used for determinations of laurie acid from Tween-20 hydrolysis and 
fatty acids from milk fat hydrolysis. In order to obtain maximum recovery of 
these fatty acids, it was necessary to acidify the alkaline reaction mixtures to 
pHi 6 prior to ether extraction to repress the ionization of the free fatty acids and 
thus increase their solubility in organie solvents. Butyric acid from methyl buty- 
rate and tributyrin hydrolyses was determined by the method of Smith et al. (26) 
with minor modifications. The extraction-titration procedures were performed as 


follows: 


1. Laurie acid and fatty acids from milk fat: A 5.0-ml. aliquot of Tween-20 
hydrolyzate or a 2.0-ml. aliquot of milk fat hydrolyzate was shaken vigorously 
with 5 ml. of neutralized 95% ethanol in a 50-ml. centrifuge tube for 30 seconds. 
One drop of 0.04% methyl red was added to the mixture, which was then titrated 
with 0.5 N HCl to a distinet pink color (pH 6). Fifteen ml. of ether mixture 
(5:1 and 2:3 ethyl ether—petroleum ether by vol. for Tween-20 and milk fat, 
respectively) was added and the mixture was shaken another 30 seconds. After 
a centrifuging period of 3 minutes at 1500 r.p.m., the top ether layer was removed 
with a siphoning device® and added to a 125-ml. Erlenmeyer flask containing 
10 ml. neutralized 95% ethanol. The remaining aqueous layer was extracted 
again with 10 ml. ether mixture. The alcohol-ether mixture was then titrated 
with 0.020 N aleoholie KOH (95% ethanol) to the phenol red end-point (10 drops 
0.05% alcoholic phenol red), with a 2-ml. microburette graduated to 0.010 ml. 
A blank value was taken on the hydrolyzates at 0 time to take care of the titer 
due to reagents and aqueous phase. 

The recovery of laurie acid by the above extraction-titration procedure 


was 95%. 


2. Butyric acid: A 5.0-ml. aliquot of methyl butyrate hydrolyzate or 2.0-ml. 
aliquot of tributyrin hydrolyzate was treated with 5 ml. 1 M phosphorie acid 
by inverting the tube twice. This mixture was extracted only once with 20.0 ml. 
ethyl ether by shaking the tube vigorously for 5 seconds. After centrifuging at 
1500 r.p.m. for 3 minutes, a 10.0-ml. aliquot was pipetted from the supernatant 
ether layer and mixed into a 125-ml. Erlenmeyer flask with 10 ml. neutralized 


* Similar to that deseribed by Hillig (J. Assoc. Offic. Agr. Chemists, 30: 575. 1947: see 
Footnote 1 on p. 580). 
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95% ethanol. Titration of this ether-aleohol mixture was carried out as above 
and the titration reading was multiplied by two. 

The precision of the method was evaluated by carrying out 10 measurements 
at two levels of free fatty acids. The error of the method was 1 to 2% and 
3 to 5% with titers of 3.50 and 1.00 ml. of 0.020 V KOH, respectively. 


RESULTS 


Relation of activity to pH. Preliminary experiments were carried out to de- 
termine the effect of borate and veronal buffers on the activity of milk toward 
milk fat. Reactions carried out in the presence of buffers (0.025 M to 0.1 M) 
were compared with nonbuffered reactions in which pH was kept constant by 
continuous titration with standard alkali. The veronal buffer was not satisfactory 
because it gave high zero-time readings with the extraction-titration method used, 
and the end-point with phenol red was indistinct. With borate, the activity in 
the buffered reaction mixture corresponded to that in the nonbuffered reaction 
mixture. Therefore, borate at the concentrations used does not inhibit the lipase 
action of milk. A concentration of 0.1 M borate was sufficient to maintain the 
pH of the reaction mixtures within 0.1 unit of the optimum after 1 hour of 
reaction. 

The effect of pH on activity was determined for the four substrates at optimal 
substrate concentration and temperature. The results presented in Figures 1 
and 2 show pH optima ranging from 8.8 to 9.1 for milk fat hydrolysis, 8.8 for 
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Tween-20 hydrolysis, 8.0 for methyl butyrate hydrolysis, and 8.7 to 8.9 for the 
tributyrin hydrolysis in milk. The data for the tributyrin hydrolysis agree with 
those in the literature (17, 20, 26). 

Relation of activity to substrate concentration. Determination of the sub- 
strate concentration that will not become a limiting factor in the lipolytic activity 
of milk is of particular importance in specificity studies. It is only in this range 
of substrate concentration that the relative lipolytic activity in milk toward 
(lifferent substrates can be related to differences in specificity. The use of tribu- 
tyrin and milk fat as emulsions in water involves an additional consideration — 
the active surface of the substrate particles. It was assumed in this study, as did 
Schinheyder and Volqvartz (24), that the triglycerides during constant shaking 
are emulsified in particles fine enough not to limit the action of the enzyme(s) 
at the lipid-aqueous interface. 

For milk fat hydrolysis, the effect of homogenizing cream (used as substrate) 
at various pressures was stulied. The results (Table 1) show that significant 


TABLE 1 


Effect of homogenizing cream at different pressures on the lipolytic activity of raw skimmilk 











Homogenizing pressure Titration value 
(p.s.i.) (ml. 0.020 N KOH) 
Control (nonhomogenized ) 0.77 
500 0.98 
1000 0.98 
1500 1.01 
2000 1.04 
2500 1.07 
3000 1.13 





hydrolysis took place with the nonhomogenized control cream. On the other hand, 
the difference between the creams homogenized at 500 and 3,000 p.s.i. was within 
experimental error. It should be noted that partial oiling off occurred in the 
reaction mixture containing nonhomogenized cream. This destabilization of the 
emulsion is probably due to the shaking at 37° C. and the alkaline conditions of 
the reaction. To obtain reproducible emulsions, cream homogenized at 2,500 
p.s.i. was chosen for the assays. 

Since changes in the concentration of fat in cream will affect the recovery 
of fatty acids by the extraction-titration method used (10), the size of the 
aliquots taken for free fatty acid determination in this case was varied so that 
the amount of fat was kept constant — corresponding to 2.0 g. of reaction mixture 
containing 15% fat. This precaution was not necessary for the other substrates. 

The effect of substrate concentration on the lipolytic aetivity in skimmilk 
toward the different substrates is represented in Figures 3 and 4. The substrate 
concentration at which the lipolytic activity in a given amount of skimmilk 
reaches a maximum is 15% for milk fat, 4% for Tween-20, and 0.07 M for methyl 
butyrate. These substrate concentrations were used in the assay procedures for 
equivalent amounts of skimmilk used as enzyme source. The constant hydrolysis 
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milk and substrate concentration. Activity (MB) in milk and substrate concentration. 
units: per 100 ml. reaction mixture. (En- Activity units: per 100 ml. reaction mix- 
zyme source: 8% buffered lyophilized ture. (Enzyme source: 8% buffered lyo- 
skimmilk; buffer: 0.1 M borate; pH: philized skimmilk; buffer: 0.1 M borate; 
8.8; reaction time: 1 hr. for MF, 15 min. pH: 8.8 for T-20, 8.0 for MB; reaction 
for TB; temperature: 37° C.) time: 1 hr.; temperature: 37° C.) 


obtained for tributyrin between 4 and 12% agrees with the maximum found by 
Smith et al. (26). A concentration of 4% tributyrin was used in this study. 

Velocity of hydrolysis. It is desirable for assay purposes to choose short 
reaction times during which zero order kinetics prevail if the substrate concen- 
tration is sufficient to saturate the enzyme. Under these conditions one can express 
activity values directly in concentration (of fatty acids) per reaction time. For 
these experiments the assays were carried out at optimal conditions in large 
reaction vessels, taking aliquot samples at regular time intervals for free fatty 
acid determinations. 

The data in Figure 5 show that the reaction periods during which the hy- 
drolyses are proportional with time are 180, 60, and 90 minutes for milk fat, 
methyl butyrate, and Tween-20, respectively. For the tributyrin hydrolysis in 
milk, zero order kinetics prevailed during the first 20 minutes only. On the 
basis of these results the reaction times chosen for the assays were 1 hour for the 
hydrolysis of milk fat, methyl butyrate, and Tween-20 and 15 minutes for the 
hydrolysis of tributyrin in milk. 

Relation of activity to skimmilk concentration. The activities obtained with 
various concentrations of skimmilk in the reaction mixtures were studied to 
determine if the enzyme concentration was the limiting factor in the assays. The 
rate of hydrolysis produced by different weights of lyophilized skimmilk on 
Tween-20 and methyl butyrate was determined under optimal conditions. The 
results in Figure 6 show that this relation was linear at all enzyme concentrations 
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fat (MF), methyl butyrate (MB) and of Tween-20 (T-20) and methyl butyrate 
Tween-20 (T-20) in milk. Hydrolysis: (MB) in milk and enzyme concentration. 
ml. 0.01 N KOH per 5 ml. reaction mix- Activity units: per 100 ml. reaction mix- 
ture. (Enzyme source: 5% buffered lyo- ture. (Enzyme souree: lyophilized skim- 
philized skimmilk; substrate: 15% MF, milk; substrates: 4% T-20, 0.07 M MB; 
0.07 M MB, 4% T-20; buffer: 0.1 M bo- buffer: 0.1 M borate; pH: 8.8 for T-20, 
rate; pH: 8.9 for MF, 8.0 for MB, 8.8 8.0 for MB; reaction time: 1 hr.; tem- 
for T-20; temperature: 37° C.) perature: 37° C.) 


used for the hydrolysis of methyl butyrate, and linear up to 8 to 12% skimmilk 
powder for the hydrolysis of Tween-20. It should be noted here that the reaction 
mixture became quite viscous when the amount of skimmilk powder exceeded 8%. 
On the basis of these results the ‘‘activity unit’’ for Tween-20 and methyl butyrate 
hydrolyses in a sample was taken (by definition) as equal to the ‘‘enzyme unit.’’ 
The same was done for the hydrolysis of tributyrin in milk, which has been found 
to be proportional to the enzyme concentration in the reaction mixture (26). 
Precautions were taken in these cases to regulate the amount of milk used in the 
assays to be within the range of activity where it is proportional to enzyme 


ia 


concentration. 

The relation between milk fat hydrolysis and skimmilk concentration ‘was not 
linear. Therefore, in this case a standard curve had to be established to convert 
activity units into enzyme or lipase units. This curve was set up with fresh 
skimmilk from three lots of mixed milk and with a casein gel suspension obtained 
by superecentrifugation with a Sharples centrifuge. Different concentrations 
were obtained by dilution with pasteurized skimmilk or pasteurized casein sus- 
pension. The relation between activity units and concentration of enzyme sources 
is presented in Figure 7. The method of Anson (3) for the standardization of 
assay procedures was used. 
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temperature. Activity units: per 100 ml. 


and enzyme concentration. Activity units: 
per 100 ml. reaction mixture. (Enzyme 
reaction mixture. (Enzyme source: 8% 
lyophilized skimmilk; substrates: 4% 
T-20, 0.07 M MB, 15% MF; buffer: 0.1 
M borate; pH: 8.8 for T-20, 8.0 for MB, 
8.9 for MF; reaction time: 1 hr.) 


source: fresh skimmilk and casein gel sus- 
pensions; substrate: 15% milk fat; buf- 
fer: 0.1 M borate; pH: 8.9; reaction 


time: 1 hr.; temperature: 37° C.) 


Relation of activity to temperature. The rates of hydrolysis of Tween-20, 
methyl butyrate, and milk fat were determined at temperatures varying from 25° 
to 40° C. The results (Figure 8) show that the maximum rate of hydrolysis for 
all substrates oceurs at 37° C. The same temperature optimum has been obtained 
for the tributyrinase hydrolysis in milk (26). It should be noted here that 
partial churning or oiling-off took place in milk fat hydrolysis at temperatures 
below 35° C. This may have caused the leveling off of this activity between 


30 and 35° C. 


DISCUSSION 


A large part of the present confusion in the literature on milk lipase may 
be related to the arbitrary methods used for lipase determinations. Several in- 
vestigators have tried to relate lipase concentration to the development of lipolysis 
at certain arbitrarily chosen conditions. Much of the work on milk lipase was 
done with milk or cream, giving little consideration to the concentration of 
available substrate. Exclusion of bacterial action has been achieved by using 
chemical preservatives, saturating the substrate with sugar, or carrying out 
lipolysis at low temperatures. All these procedures tend to limit lipase action 
and therefore necessitate long periods of incubation to obtain appreciable activity. 
With such long reaction times, complications may arise from mixed order reaction 
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kinetics, accumulation of inhibiting reaction products, varying substrate concen- 
tration, and denaturation effects from aging. 

By a systematic evaluation of the optimum conditions for the lipolytic activity 
of milk, it was possible in this study to obtain measurable activities within rela- 
tively short reaction times during which zero order kineties prevailed. This per- 
mitted the determination of initial velocities, which will be used in some of the 
kinetic data in the following paper of this series. Such optimum conditions are 
essential in specificity studies of milk lipase based on the relative activity toward 


esters varying widely in structure. 


SUMMARY 


A study of the optimum conditions for the activity of milk toward different 
esters was made. This will provide the basis for the assay methods used in further 
specificity studies. The reactions were carried out with constant shaking. Under 
these conditions, appreciable hydrolysis of milk fat occurred with nonhomogenized 
cream. The emulsion was more stable, however, with homogenized creams. Cream 
homogenized at 2,500 p.s.i. was therefore used for the milk fat hydrolysis. The 
pli optima for the milk fat, Tween-20, and methyl butyrate hydrolyses were 
8.8-9.1, 8.8, and 8.0, respectively. The pH optimum of 8.7-8.9 for the tri- 


butyrinase activity of milk was confirmed. 
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THE SPECIFICITY OF MILK LIPASE. II. KINETICS, AND 
RELATIVE LIPOLYTIC ACTIVITY IN DIFFERENT MILKS! * 
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The lipolytic activity in milk toward Tween-20, methyl butyrate, tribu- 
tyrin, and milk fat was determined. Variations in the activity observed may 
be considered as an indication of the multiplicity of lipolytic enzymes present 
in milk. Editor. 











The first paper of this series (3) described methods developed to determine 
the relative lipolytic activity in milk toward Tween-20, methyl butyrate, tri- 
butyrin, and milk fat. The present paper deals with an evaluation of kinetic 
data and a survey of the lipolytic activity in different milks, i.e., activity toward 
Tween-20, methyl butyrate, tributyrin, and milk fat, as evidences for the multi- 
plicity of lipases in milk. 

The question of whether more than one enzyme is present in a system which 
ean hydrolyze a given substrate can be best solved by isolation and study of the 
pure enzyme(s). This is, of course, a laborious procedure, and as yet no purified 
lipase preparation has been obtained from milk. However, other approaches to 
this problem are possible without isolation of enzyme(s). 

On the basis of the Michaelis-Menten theory some useful information can be 
obtained as to whether more than one enzyme is involved in a reaction system. 
The action of the enzyme preparation can be studied on two substrates at varying 
concentrations to determine whether or not the substrates compete for the active 
group(s) of the enzymes(s) (7,10). In another approach, one substrate is used 
in a wide range of concentrations, and the kinetic data treated according to one 
of the linear forms of the Michaelis-Menten equation: Vm =v+v/S. Km (4,5). 
For a reaction involving one enzyme, a plot of v (initial velocity) against v/S 
(where S is the substrate concentration) will give a straight line with slope equal 
to Km, the Michaelis-Menten constant. If more than one enzyme is involved 
in the system, this relation will deviate from linearity and each enzynve would 
contribute to the curve in proportion to its affinity toward the substrate. 
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A different way to evaluate the possible heterogeneity of an enzyme system 
one used in this study — ean be based on the relative activity in different milks 
toward different substrates. Whether the relative lipolytic activity remains con- 
stant or varies with the respective milk is the basis for the identification of one or 
different enzymes in the systems. Other approaches to this problem will be taken 
up in the following papers of this series. 

Schwartz et al. (13) reported the presence of three different lipases in milk. 
Their evidence* was based on the multiple optima obtained in the pH-activity 
eurve for milk fat hydrolysis, the nonlinearity of v against v/S plotted according 
to Hofstee’s treatment (5), and the change of the shape of pH-activity curve 
by formaldehyde inhibition. In a different investigation, Albrecht and Jaynes 
(1) presented evidence for the presence of two general enzyme systems in milk 
responsible for the hydrolysis of tributyrin and ethyl butyrate on the basis of two 
pH optima at pH 5.4 and 6.3. Within each general system two enzymes were 
indicated on the basis of formaldehyde sensitivity and substrate specificity. In- 
terpretation of such evidences is very difficult because of the numerous factors 
affecting the relationships between enzyme activity, pH, and substrate concen- 
trations. It is well recognized that the pH optimum, like the temperature op- 
timum, is not a true characteristic of an enzyme (9%) and therefore could not be 
used to identify enzyme(s). Comparing pH activity curves for tributyrin and 
milk fat hydrolyses to obtain some basis for the determination of lipase by meas- 


uring tributyrinase (2) may be questioned on the same grounds. 


EXPERIMENTAL PROCEDURE 
The skimmilk was obtained from freshly drawn mixed milk. For the kinetic 
experiments, it was lyophilized and reconstituted in borate buffer before use. For 
the survey of the relative lipolytic activity in different mixed milks, the milk 
samples were cooled to 0° C. immediately after milking and assayed within 
approximately 2 hours after milking. The lipolytie activity in milk toward 
Tween-20, methyl butyrate, tributyrin, and milk fat was determined by the 


methods developed in the first paper of this series (.3). 


RESULTS AND DISCUSSION 

The relation of activity to substrate concentration was determined for the 
hydrolysis of milk fat, Tween-20, and methyl butyrate, as described in the previous 
paper (3). The kinetic data were plotted according to some linear forms of the 
Michaelis-Menten equation (8) to estimate the Michaelis-Menten constant (Am) 
and the maximum velocity (Vm). Different relations between v (initial velocity ) 
and S (substrate concentration) are presented in Figure 1. 

The deviation of the double reciprocal plots (1/v versus 1/S) from linearity 
is difficult to interpret because the slope of the lines is a funetion of Km 
(slope = Km/Vm) and the curvatures may be the result of more than one enzyme 


* Not published. 
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Fic. 1. Effeet of substrate concentration (S) on the lipolytie activity (v) in milk toward 
milk fat (MF), Tween-20 (T-20), and methyl butyrate (MB). 
Units, S: per cent for milk fat and Tween-20, moles per liter for methyl butyrate. 


v: activity units per 100 ml. reaction mixture. 


in the system. In the plot of S/v against S, however, the slope is exclusively a 
function of Vm (slope = 1/Vm) and any curvature can not be attributed to this 
factor. Hence, for the hydrolysis of milk fat and Tween-20 the abnormalities 
that occur at low substrate concentrations may be due to analytical errors involved 
at low activity determinations. Therefore, in the calculation of Am and Vm for 
these activities, more weight was given to the activity values obtained 4t high 
substrate concentrations. On the basis of the plots S/v against S, the Vm values 
for milk fat, Tween-20, and methyl butyrate activities were 1.6, 2.4, and 2.1 
(units per 100 ml.), respectively, and the Km values were 6.3%, 0.81% , and 0.054 
M, respectively. These constants of course have little meaning if more than one 
enzyme is involved in the reactions. In this case, they represent the resultant 
of all the enzymes concerned. 

An attempt was made to estimate the possible heterogeneity of the enzyme 
system involved in the lipolytic activity in milk toward Tween-20 according 
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Fig. 2. A Hofstee plot for the lipolytic activity (v) in milk toward Tween-20 as influenced 
by the substrate concentration (S). 
Units, S: per cent Tween-20 in reaction mixture. 
v: activity units per 100 ml. reaction mixture. 


to Hofstee’s treatment (4,5). In this case the complete solubility of this ester 
in water permitted activity determinations within a hundred-fold range of con- 
centration. The plot of v against v/S (Figure 2) shows changes in the slope of the 
line with changes in the substrate concentration. Since the slope of this line is equal 
to the Michaelis-Menten constant (Am), the deviation in the linearity of this plot 
may be an indication, as proposed by Hofstee, that a multiple enzyme system is 
involved in this reaction. However, the shape of the curve obtained for Tween-20 
is irregular in that the velocity of the reaction becomes abnormally slow at high 
substrate concentrations. This could be the result of micelle formation at high 
concentration of Tween-20, which is very surface active. Such an effect has been 
suggested hy Hofstee (6) for the irregularity in the plot of v versus v/S obtained 
for the hydrolysis of m-heptanoyloxybenzoie acid by purified horse liver esterase. 
An alternative explanation for the abnormalities observed with Tween-20 is the 
possible adsorption of this ester, by virtue of its surface activity, around the 
active site(s) of the enzyme(s), thus causing steric hindrance. 

It is evident that the value of kinetic data at variable substrate concentration 
to show the multiplicity of lipases in milk is limited. Abnormalities in the ac- 
tivity-substrate concentration curves may arise from surface effects. Additional 
complications are presented in heterogeneous systems, where a given change in 
substrate concentration may not necessarily result in the same change of effective 
surface area at the lipid-aqueous interface where hydrolysis occurs. Therefore 
the validity of this approach for milk fat hydrolysis (13) may be questioned. 

The activation energy for the above activities was calculated by the Arrhenius 
equation in the range of 30 to 37° C., by using the data reported previously for 
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the relation of activity to temperature (3). Values of 6,200, 14,500, and 12,500 
calories were obtained for the lipolytic activity in milk toward milk fat, Tween-20, 
and methyl butyrate, respectively. These values are in line with those reported in 
the literature for lipases and simple esterases, respectively (12, 14). 

It has been suggested by Sizer (14) that when the activation energy for the 
action of an enzyme extract on two related substrates is the same, this may be 
taken as presumptive evidence that the same enzyme is catalyzing both reactions. 
Ilowever, in the case of esterases it is difficult to compare the activation energies 
obtained in homogeneous and heterogeneous systems, i.e., true solution and emul- 
sion. Schénheyder and Volqvartz (12) found that the influence of temperature 
on the hydrolysis of n-propyl caprylate by pancreatic lipase in heterogeneous 
systems was negligible. They postulated that since the reaction in such systems 
occurs on a saturated surface, the rate would be little affected by concentration 
and temperature within wide limits. This would explain the relatively low value 
(about 4,500 calories) for the activation energy reported in the literature for 
lipase (14). 

To assess the specificity of the lipase system of milk, different mixed milks 
were surveyed for relative activity toward Tween-20, methyl butyrate, tri- 
butyrin, and milk fat. The data presented in Table 1 show a marked variation 


TABLE 1 
Relative lipolytic activity in different milks 


Milks 








Substrates® 1 2 3 4 5 6 7 & 9 10 





Activity (units per 100 ml. milk) 


T-20 3.91 4.37 3.41 3.95 4.22 3.75 3.02 3.16 2.65 4.48 
MB 2.58 3.75 2.05 3.61 3.52 3.16 2.84 2.94 1.92 3.56 
TB 11.1 14.2 8.77 19.0 20.5 13.4 14.2 5S Be 12.1 18.7 
MF 3.06 5.00 2.85 4.69 3.76 3.56 2.61 4.14 3.78 3.88 
Relative activity 
T-20 1.3 0.87 L2 0.84 is 1.0 1.2 0.76 0.70 12 
MB 0.84 0.75 0.72 0.77 0.94 0.89 | 0.71 0.51 0.91 
TB 3.6 2.8 3.1 4.0 5.5 3.8 5.4 2.8 3.2 4.8 
MF 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 





‘ Abbreviations: T-20 = Tween-20; MB= methyl butyrate; TB=tributyrin; MF = milk 
fat. 


in the relative lipolytic activity in ten different milks. The ranges in the activity 
values relative to milk fat were 0.60 for Tween-20, 0.43 for methyl butyrate, and 
2.7 for tributyrin. The relative enzyme activity in a system is independent of the 
enzyme concentration. If one nonspecific enzyme is involved in milk, the relative 
lipolytic activity would be expected to remain constant in different milks. There- 
fore the variation in lipolytic activity observed in different milks may be con- 
sidered as an indication of the multiplicity of lipolytic enzymes in milk. This 
evidence is only preliminary and will be substantiated on other grounds in the 
following papers of this series. 
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SUMMARY 


The values obtained for maximum velocity (Vm) for the lipolytic activity 
in milk toward milk fat, Tween-20, and methyl butyrate were 1.6, 2.4, and 2.1 
(units per 100 ml.), respectively, and the values for the Michaelis-Menten constant 
were 6.3% , 0.81% , and 0.54 M, respectively. The values for the activation energy 
in the range of 30 to 37° C. for the milk fat, Tween-20, and methyl butyrate 
hydrolyses were caleulated to be 6,200, 14,500, and 12,500 calories, respectively. 
The kinetic data were considered in terms of a multiple lipase system in milk. 
The limitations of this approach were emphasized. 

The variation in the relative lipolytic activity obtained in different milks 
towards different substrates is considered to be preliminary evidence for the 
presence of multiple lipolytic enzymes in milk. 
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The relative lipolytic activity in a given milk toward different esters 
before and after various inactivation treatments (aging, heat, acid, alkali, 
trypsin, light, oxidizing agents, and formaldehyde) was studied. The re- 
sults should lead to further work on the stability, separation, and purifica- 
tion of the enzyme system, which will aid in the problem of control of ran- 
cidity in milk and milk products. Fditor. 











In the previous paper of this series (5) preliminary evidence of the presence 
of multiple lipolytic enzymes in milk was obtained on the basis of variation in 
the relative lipolytic activity in different milks toward different esters. This paper 
presents further evidence of the multiplicity of lipolytic enzymes in milk. 

Several workers have inferred the presence of more than one lipase in milk 
from variation in the inactivation of lipolysis in different milks by heat (2, 19), 
formaldehyde (6,7,8, 19), and copper (6), and from variation in loss of tri- 
butyrinase activity from aging milk in the cold (11). However, comparing dif- 
erent milks is difficult because of variations in environment and stability of milk 
lipase to aging in the cold (17). Moreover, determining the extent of lipolysis 
and tributyrinase activity as measures of lipase concentration in milk may be 
questionable (4). Some basic differences found in the conditions necessary to 
activate lipolysis in milk also have been attributed to the presence of multiple 
lipase systems (16, 17, 18, 19). 

The term lipase has been indiscriminately used by many authors to refer to 
the activity of milk toward tributyrin (7, 10,11, 12,15). One would not seem 
justified to do so as long as no proof is available that the same enzyme or group 
of enzymes is measured by the milk fat and tributyrin hydrolyses. The multi- 
plicity of lipolytic enzymes in milk would throw further doubts on the use of esters 
other than milk fat for lipase determinations in milk. 

Because of the limitations of the kinetic approach for determining the multi- 
plicity of esterases in a reaction system (5), this problem was studied on 
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another basis, that of differential inactivation of the lipase system of milk. 
This approach consists of studying the relative lipolytic activity in a given milk 
toward different esters before and after various inactivation treatments. It is 
based on the premise that if more than one lipase is present in milk, inactivation 
by different agents would be expected to alter the relative activity toward dif- 
ferent substrates. Similar approaches have been used in systems other than milk 
(3,14). A wide variety of inhibiting agents were chosen. These treatments 
ineluded: aging, heat, acid, alkali, trypsin, light, oxidizing agents, and for- 


maldehyde. 


- 


IATERIALS AND METHODS 


k reshly drawn mixed milk was used in all experiments. Because of the varia- 
tion in stability of milk lipase upon aging in the cold (17), all experiments were 
carried out with milk obtained within 1 or 2 hours after milking. Exposure of 
milk to light was soon found to cause considerable inactivation of milk lipase. 
Such exposure was therefore reduced to a minimum. The milk was skimmed by 
centrifugation and used as such. 

The relative lipolytie activity in milk toward Tween-20 (T-20), methyl buty- 
rate (MB), tributvrin (TB), and milk fat (MF) was followed by the methods 
developed in the first paper of this series (4). All activity values are expressed in 
the present paper as enzyme units per 100 ml. of milk. 


RESULTS 


A number of preliminary experiments were carried out with each inactivation 
treatment under varying conditions. The treatments were chosen to decrease the 
hydrolysis of milk fat by about one half. 

Effect of aging. Milk was aged under various conditions and the lipolytic 
activity toward different substrates was followed to assess the relative stability 
of the enzyme system involved. For this experiment, fresh milk was stored as 
skimmilk and as whole milk for different time intervals and temperatures. After 
storage the whole milk fractions were separated immediately before assaying for 
activity. Representative results from several stability experiments are given 
in Table 1. Storage of milk at 37° C. for 3 hours caused appreciable inactivation, 
the activity toward milk fat being more resistant than the other activities. After 
48 hours of aging at 0-5° C., the per cent of loss in activity toward milk fat was 
again the least. It is significant to note that the lipase system of milk appears 
considerably more resistant to aging (24 hours) when stored as whole milk than 
as skimmilk. 

The change in relative lipolytic activity that resulted from keeping whole 
milk at 37° ©. for 3 hours and aging skimmilk at 0-5° C. for 24 hours provides 
preliminary evidence that different enzymes are involved in the activity in milk 
toward the different substrates. The enzyme system with greater affinity for milk 
fat appears more resistant to these treatments than that, or those, involved in the 


hydrolysis of the other substrates. The marked difference in specificity occurring 
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TABLE 1 
Effect of aging on the relative lipolytic activity of milk 





Relative 








Storage conditions Substrates* Activity activity Inactivation 
(units per (%) 
100 ml. milk) 
T-20 By 1.3 
Fresh milk MB 2.50 0.75 
TB 12.7 3.8 
MF 3.32 1.0 
T-20 2.52 1.1 42 
3 hrs. at 37° C. MB 1.49 0.64 41 
TB 6.59 2.8 48 
MF 2.32 1.0 30 
T-20 3.91 13 9.5 
3 hrs. at 0° C MB 2.58 O.84 0 
TB 11.1 3.6 13 
MF 3.06 1.0 7.8 
T-20 3.77 1.5 13 
24 hrs. at 0-5 C. MB 2.12 O.85 15 
as whole milk TB ye 4.5 13 
MF 2.50 1.0 25 
T-20 0.50 0.60 SS 
24 hrs. at 0-5 C. MB 0.33 0.40 87 
as skimmilk TB 1.57 1.9 87 
MF 0.83 1.0 75 
T-20 1.72 0.78 60 
48 hrs. at 0-5" C, MB 1.37 0.62 45 
as whole milk TB Bey 3.3 44 
MF 2.20 1.0 34 
“Abbreviations used throughout the paper: T-20 = Tween-20; MB= methyl butyrate; 


TB = tributyrin; MF = milk fat. 


in the whole milk and the skimmilk after aging for 24 hours indicates that dif- 
ferent changes occur in the enzyme systems when milk is stored in the presence 
or absence of milk fat globules. 

Effect of heat. Differential heat inactivation was studied by assaying for 
the different lipolytic activities before and after heating skimmilk at 50° C. for 
15 minutes. For this purpose, 50 ml. of fresh skimmilk in 125-ml. Erlenmeyer 
flasks was brought rapidly to the desired temperature by constant shaking in a 
water bath adjusted to 55° C. At zero time the flasks were placed in a Warburg 
bath adjusted to 50.0° C. and the milk subjected to continuous but gentle agitation 
(to avoid stable foam formation) for 15 minutes. At the end of the heating period 


the samples were cooled within 30 seconds to 10° C. in a salt-ice mixture. 

The results presented in Table 2 show the effect of this treatment on the 
relative lipolytic activity of three different mixed milks. The extent of inhibition 
of the lipolytic activity of milk toward the different substrates varied widely. 
In all cases the activity toward milk fat was the most resistant to the heat treat- 
ment. This can be attributed again to the contribution of different lipolytic 
enzymes in milk. The relative stability of these enzymes to heat corresponds 
to that observed with aging. 





1526 ). N. FRANKEL AND N. P. TARASSUK 




















TABLE 2 
Effect of heating (60° C. for 15 min.) on the relative lipolytic activity of milk 
Activity 
Enzyme sources Substrates Control Heated Inactivation 
(units per 100 ml, milk) (%) 
T-20 3.05 0.94 69 
Milk 1 MB 1.36 0.12 91 
TB 10.3 3.69 64 
MF 2.96 1.61 46 
T-20 $.81 1.o2 60 
Milk 2 MB 2.89 1.17 60 
TB 13.7 4.35 OS 
MF 4.44 2.19 51 
T-20 4.37 1.74 60 
Milk 3 MB 3.75 1.71 54 
TB 14,2 5.00 65 
MF 5.00 2.82 44 





KE jfect of acid and alkali. For this experiment, appropriate amounts of 1 
NaOH or HCl were added to fresh skimmilk to obtain pH values of 6.0 and 8.9, 
respectively. A control was run at normal pH of milk containing an equivalent 
amount of water. No buffer was used and the final pH observed after treatment 
was taken as the experimental pH. The milks were incubated in Erlenmeyer 
flasks at 37° C. and shaken gently and continuously for 1 hour before assaying. 

The results of a typical experiment are presented in Table 3. The loss in 
the activity toward milk fat resulting from these treatments was again the least. 
These results support the previous ones in indicating that different enzymes are 
present in milk that hydrolyze the above substrates. The enzyme system that 
hydrolyzes milk fat is more resistant than the enzvme(s) hydrolyzing the simpler 
esters. The fact that approximately the same extent of inactivation occurred at 
pli 6 as at pIl 8.9 for each substrate suggests that the pII range of optimum 
stability for the enzymes involved was about the same. 

Effect of trypsin. Two milks were incubated with 5 and 7 p.p.m. of erystal- 
line trypsin, respectively, at 37° C. for 1 hour with gentle agitation before 
assaying. The relative lipolytic activity toward the four substrates was de- 
termined before and after treatment. 

The results (Table 4) reveal that the activities in milk toward tributyrin 
and milk fat were more sensitive to trypsin inactivation than the activities in 
milk toward Tween-20 and methyl butyrate. Although the activities toward 
Tween-20 and methyl butyrate were similarly affected, the difference between the 
activities toward tributyrin and milk fat may be significant. 

Effect of light and oxidizing agents. Exposing layers of skimmilk to direet 
sunlight proved to be too severe. Therefore, for this experiment, two milks were 
exposed to diffuse daylight in 1-em. layers in Petri dishes 14 em. in diameter 


‘Obtained from Armour Laboratories, Chiengo (1 mg. equivalent to 2500 ‘* Armour 


Units’’). 
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TABLE 3 
Effect of acid and alkali inactivation on the relative lipolytic activity of milk 











Activity 
Treatments Substrates Control Treated Tnactivation 

(units per 100 ml. milk) (%) 

T-20 3.95 1.73 57 

Acid: pH 6.0 for MB 3.61 1.16 68 
Ll br. at 37° C. TB 19.0 6.36 67 
MF 4.69 2.47 $7 

T-20 3.95 1.61 59 

Alkali: pH 8.9 for MB 3.61 1.10 70 
Ll be: at 37 CC. TB 19.0 6.24 67 
MF 4.69 2.80 40 





for 30 and 60 minutes, respectively, at room temperature. In another experiment, 
two sets of samples of fresh skimmilk were treated with 2 p.p.m of hydrogen 
peroxide at room temperature and with 5 p.p.m. copper (as copper sulfate) at 
37° C. for 15 and 30 minutes, respectively, before assaying. 

The effect of these treatments on the relative lipolytic activity of milk is 
presented in Table 5. It is evident that the milk fat hydrolysis was less affected 
by oxidation than the other activities of milk. With photo-inactivation and treat- 
ment with hydrogen peroxide, approximately the same loss in activity occurred 
toward Tween-20, methyl butyrate and tributyrin in the milks studied. These 
results are in harmony with those obtained by aging and heat. 

Effect of formaldehyde. Schwartz et al. (13) reported that formaldehyde 
acts as a competitive inhibitor toward milk lipase. To verify this finding, 
formaldehyde inhibition was studied in the presence or absence of the different 
substrates. For this purpose, small concentrations of formaldehyde were added 
in one case to the skimmilk and allowed to stand at room temperature for 1 hour 
before assaying and in the other case were added to the different reaction mix- 
tures. The concentration of formaldehyde added to the reaction mixture was two 
times that used in the skimmilk alone. Since skimmilk constituted 40% of the 


TABLE 4 


Effect of trypsin inactivation on the relative lipolytic activity of milk 











es ; Activity 
Enzyme Trypsin ’ 
sources Coneentration* Substrates Control Treated = Inactivation 
(p.p.m.) (units per 100 ml. milk) (%) 
T-20 , 3.16 2.36 25 
Milk 1 a MB 2.94 2.40 18 
TB 11.7 6.88 4] 
MF 4.14 2.84 3 
T-20 3.53 2.50 29 
Milk 2 7 MB 3.98 2.51 30 
TB 14.4 5.42 62 
MF 5.08 2.53 50 





Ineubated at 37° C. for 1 hour. 
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TABLE 5 
Effect of photo-inactivation and oxidizing agents on the 
relative lipolytic activity of milk 





Activity 











Enzyme Sub- 

sourees Treatment strates Control Treated Inactivation 

(units per 100 ml. milk) (% 

Milk 1 Exposed 1 hr. T-20 4.22 1.43 66 

to diffuse MB 3.52 1.35 62 

daylight TB 20.5 6.88 66 

MF 3.76 1.70 55 

Milk 2 Exposed '% hr. T-20 3.75 1.20 68 

to diffuse MB 3.16 1.20 63 

daylight TB 13.4 4.80 64 

MF 3.56 1.90 47 

Milk 2 H.O2: 2 p.p.m. T-20 3.75 1.20 68 

for 15 min. at MB 3.16 1.07 66 

room temp. TB 13.4 4.32 68 

MF 3.56 1.62 55 

Milk 3 Cu’: 5 p.p.m. T-20 3.89 1.98 49 

for 30 min. at MB 3.48 1.66 53 

am 6G. TB 16.3 9.60 41 

MF 3.44 2.20 35 





reaction mixture, the concentration of formaldehyde per milliliter of skimmilk 
was five times that used in the skimmilk alone. 

The effect of formaldehyde on the relative lipolytic activity of milk is shown 
in Table 6. Competitive inhibition is indicated with all four substrates, since 
the effect of formaldehyde was considerably diminished in the presence of these 
esters. The inhibition produced in the absence of substrates is of significance 
in showing differences in the sensitivity among the different lipolytic enzymes of 
milk. 

Again the activity toward milk fat was more resistant than the activities 
toward other substrates when formaldehyde was added directly to skimmilk. The 


TABLE 6 
Effect of formaldehyde on the relative lipolytic activity of milk 











Activity 














Sub- — ena eieimeiingans 
Enzyme Treatment strates Control Treated Inactivation 
(units per 100 ml. milk) (% ) 
0.038% HCHO in T-20 4.48 0.88 80 
Milk 1 skimmilk for * MB 3.56 0.70 80 
1 hr. at room TB 18.7 3.66 80 
temp. MF 3.88 1.42 63 
Milk 2 0.06% HCHO in T-20 4.48 2.15 52 
reaetion mixt. MB 3.56 3.14 12 
TB 18.7 9.00 52 
MF 3.88 2.79 28 
Milk 3 0.06% HCHO in T-20 +22 1.88 56 
reaction mixt. MB 3.52 2.64 25 
TB 20.5 7.52 3 
MF ; 1,52 59 











a 
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relative resistance of these activities toward formaldehyde was similar to that 
toward other denaturing agents. This suggests that in addition to its competitive 
inhibiting effect, formaldehyde may also have a nonspecific denaturing effect 
on the enzyme proteins. Formaldehyde is known to combine with proteins with 
destructive effeet. Further kinetic data should be obtained to determine definitely 
whether or not both competitive and noncompetitive inhibition are involved with 
formaldehyde. Such a study was beyond the scope of this investigation. 


DISCUSSION 


The evidence obtained in this study indicates that milk contains a multiplicity 
of esterases including both lipase and simple esterases. These enzymes were 
found to undergo different changes by inactivation. These results therefore 
throw serious doubts on the use of esters other than milk fat for lipase determi- 
nations. As long as these lipolytic enzymes in milk have not been separated, it 
is essential to use a substrate that will not confuse the lipase activity with 
its simple esterase activity. 

Special attention was given in this study to the use of a large number of 
different inactivation treatments and their effect on the hydrolysis of widely 
different esters at optimum conditions for activity. The evidence was strength- 
ened by the fact that the differential inactivation by such widely different treat- 
ments had similar effects on the relative lipolytic activities of milk. The activity 
in milk toward milk fat was consistently more resistant to all denaturing agents 
used than the activity toward simpler esters. Except for the relative effect 
of trypsin, these results seem to agree with those of Fodor for pancreatic lipase 
(3). In his study the heat inactivation obtained was appreciably greater for the 
hydrolysis of simple esters than for the hydrolysis of simple triglycerides and 
olive oil. 

Hoffman-Ostenhof (9) proposed to use the term ‘‘enzyme system”’ to indicate 
multiple enzymes. It is similarly suggested that the term ‘‘lipase system’’ be 
used to refer to the multiple lipolytic enzymes in milk. This term has already 
been used in the dairy literature without formal definition. 

An interesting feature of the aging experiments was the marked increase in 
stability of the lipase system in the presence of fat globules when milk was aged 
in the cold as whole milk instead of as skimmilk. This observation suggests that 
some relationship may exist between milk lipase and the globular fat in whole 
milk that would protect the enzyme. The mechanism for this protection ‘remains 
to be established and will be the subject of another study. 

The knowledge obtained in this study on the specificity of milk lipase will 
permit further work on the stability, separation and purification of this enzyme 
system. Purification of the enzymes must be the ultimate aim in this field if 
detailed information on their physical chemical properties is to be obtained. A 
study of the specificity of lipase on the basis of partition among some milk com- 
ponents was carried out to substantiate the multiplicity of lipolytic enzymes in 
milk. This work will be presented in the next paper of this series. 
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SUMMARY AND CONCLUSIONS 


The specificity of milk lipase was studied on the basis of the relative activity 
in milk toward different esters. Aging milk, heating it, and subjecting it to 
acid and alkali treatments, light, hydrogen peroxide, copper, and formaldehyde 
caused a greater decrease in its activity toward Tween-20, methyl butyrate, and 
tributyrin than in its activity toward milk fat. With trypsin inactivation, the 
activities toward milk fat and tributyrin were more affected than were the 
activities toward Tween-20 and methyl butyrate. 

This differential inactivation is attributed to the presence in milk of multiple 
lipolytic enzymes of varying sensitivity. As long as these enzymes have not 
been separated, one would not be justified to use esters other than milk fat 
for lipase determinations-in milk. The indiscriminate use of the term lipase to 
refer to the tributyrinase or simple esterase activity of milk is also not warranted. 
The adoption of the term ‘‘lipase system’’ is suggested to refer to the multiple 


lipolytic enzymes of milk. 
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STIMULATORY FOR LACTIC ACID BACTERIA’ 


W. E. SANDINE,’ M. L. SPECK, ano L. W. AURAND 
Department of Animal Industry, N.C. State College, Raleigh 





A study was made to gain further information on the properties and 
composition of the peptides present in pancreas glands which stimulate the 
growth of lactic acid types of bacteria. The relationship between these 
active stimulants and strepogenin is discussed. /ditor. 











Certain peptides or crude extracts containing peptides have a stimulatory 
effect on the growth of various species of bacteria in the family Lactobacteriaceae. 
Interest in this general subject was intensified by the work of Woolley and his 
associates (174), who coined the term ‘‘strepogenin’’ to deseribe these stimula- 
tory peptides. The actual composition of strepogenin is unknown, although it 
has been presumed to arise as a result of hydrolysis of various proteins, and cer- 
tain amino acids appear to be required for its activity (15, 21, 22). Seott et al. 
(13) noted that the trypsin used to digest the protein also had strepogenin activ- 
ity. Hankin (3) and Kizer et al. (5) observed that crude trypsin preparations 
contained two peptide stimulants whereas crystalline trypsin had no stimulatory 
effect. The stimulants present in crude trypsin appeared to be contaminants 
arising from the source of the enzyme preparations since the stimulants were 
also present in aqueous extracts of pancreas tissue. 

The present study was undertaken to gain further information on the prop- 
erties and composition of the stimulants present in pancreas glands. Such infor- 
mation is needed for a better understanding of the actual composition of strepo- 
genin and the role of various peptides in the growth of lactie acid types of bae- 
teria. 

METHODS 


Collection of pancreas glands and preparation of aqueous extract. Pancreas 
glands were removed from freshly slaughtered hogs, wrapped in heavy aluminum 
foil and immediately placed in contact with dry ice for freezing. The frozen 
glands were stored in a freezing cabinet and removed as needed for preparation 
of the aqueous extract. The frozen glands were placed in a meat grinder and 
thoroughly macerated. Distilled water was added at the rate of twice the pan- 
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creas weight and mixed with the pulverized tissue by means of a Waring blendor ; 
the resulting mixture was adjusted to pH 4.8-5.0 with 6 N HCl and heated in 
flowing steam for 20-30 minutes; the resulting precipitate was filtered from the 
cooled extract with the aid of Hyflo Supercel. The clear solution was then adjust- 
ed to pH 7.0 with 20 N KOH and heated to 112° C. for 6 minutes. This heat treat- 
ment caused precipitation of more solids, which were removed by filtration as 
before. The clear vellow solution, containing approximately 12-18 mg. total solids 
per milliliter was concentrated under vacuum to a solids content of 100-150 mg. 
per milliliter and placed in a freezing cabinet. After three successive periods 
of freezing and thawing, considerable amounts of denatared proteins were pre- 
cipitated and removed by filtration. The clear filtrate was diluted with distilled 
water to a concentration of 40 mg. per milliliter. This solution will be referred 
to as ‘‘pancreas extract’’ in the remainder of the paper. 

Assay of pancreas extracts in semi-synthetic medium. Hankin’s modifications 
(3) of Kodicek and Mistry’s medium (6) were adopted. The enzymatically 
hydrolyzed casein was prepared as described by Roberts and Snell (12), except 
that 60 mg. of 2 < crystalline trypsin was used instead of pancreatin. The com- 


position of the medium is presented in Table 1. 


TABLE 1 
Composition of semi-synthetic (H-KM) medium used for the microbiological 
assay of activity in pancreas extract 





Amount per 10 ml. 





Component final volume of medium 
Acid hydrolyzed casein (in 10% solu.) 50 mg. 
2X erystalline trypsin casein hydrolyzate 80 mg. 
glucose 300 mg. 
potassium acetate 20 mg. (to give a total 
of 100 mg.) 
adenine, guanine, uracil and xanthine 0.1 mg. of each 
thiamin hydrochloride 104 
riboflavin 10¥ 
p-aminobenzoie acid 2.0 4 
niacin 10 ¥ 
pyridoxin hydrochloride 25 ¥ 
biotin 0.04 4 
caleium pantothenate 104 
folie acid 0.14 
K.HPO, and KH:PO, 25 y each 
Salts E 0.05 ml. 
MgSO, 7H:O 60 mg. 
NaCl 0.5 g , 
FeSO, . 7H:0 4.0 mg. 8 
CuSO, .5H:0 4.0 mg. 
ZnSO, . 7H20 4.0 mg. 


Dissolve in 250 ml. water and then add three drops of concentrated hydrochloric acid. 





The medium was prepared in double strength and dispensed in 5-ml. amounts 
into 18 X 150 mm. Pyrex culture tubes, covered with aluminum caps, and auto- 
¢laved at 112° C. for 6 minutes. After cooling the medium to room temperature, 


fractions for assay were added. 
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L. casei (A.T.C.C. £7469) was used as the test organism for all assays in the 
semi-synthetie medium. Stock cultures of this organism were carried in agar 
stabs of the semi-synthetic medium, and fresh stab cultures were prepared every 
4 weeks. Cells of L. casei were grown for each assay by transferring one loop of 
cells from the agar stab into 10 ml. single strength broth for incubation at 35° C. 
for 24 hours. The cells from 4 ml. of this culture were harvested by centrifuga- 
tion, washed with sterile saline (0.85% ), and recentrifuged. The washed cells 
were then diluted with the saline so that a suspension giving 85‘ light trans- 
mission resulted. Per cent light transmission was read with a Lumetron Color- 
imeter (model 401) and a 580 my filter. 

For the standard response curve, 0, 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 ml. amounts 
of a 1:10 dilution of the pancreas extract were added. The volume was adjusted 
to 10 ml. with sterile distilled water and each tube was inoculated with one drop 
of the saline cell suspension delivered from a 1.0-ml. pipette graduated to the 
nearest 0.01 ml. Each assay tube was prepared in triplicate, one serving as an 
uninoculated control and the other two serving as duplicates of the particular 
level of diluted extract to be assayed. The tubes were thoroughly agitated and 
then ineubated at 35° C. for 14 hours. Growth was measured turbidimetrically 
with the Lumetron Colorimeter and a 580 mz» filter. 

Paper chromatographic techniques. Paper strips of Whatman #1 chromatog- 
raphy paper (3.8 em. wide) were cut into 57-em. lengths, and the desired 
amounts of pancreas extract (2.40 mg. or less) were applied to a base line located 
10 em. from one end. After the applied extract had dried, the strips were placed 
in a chromatography jar (30.5 em. diameter by 61 em. high) equipped with paper 
support rack and solvent assembly. The jar was then placed in an insulated 
cabinet and equilibrated for at least 6 hours, and the chromatogram was devel- 
oped by descending solvent flow at room temperature (27°-29° C.) until the sol- 
vent reached a point 3 to 7 em. from the end of the strip. All the chromatograms 
were dried in a forced draft at room temperature for at least 6 hours. 

A 0.25% (w/v) solution of ninhydrin in anhydrous acetone as described by 
Toennies and Kolb (17) was used to detect the presence and resolution of alpha- 
amino type compounds in the pancreas extract. After development, a represen- 
tative chromatogram was cut in half lengthwise. Half of the strip was dipped 
in the ninhydrin solution and then placed in an electric drying oven at 65°-70° C. 
until the color-reacting areas were clearly discernible. The remaining portion 
of the strip was examined under ultraviolet light and then bioautographed. 

An ultraviolet lamp of 254 mp wave length (model MC500-120-244, Research 
Equipment Corporation, Oakland, Calif.) was used to detect ultraviolet ab- 
sorptive and fluorescent components present in the chromatogram of the pan- 
ereas extract. 

Bioautographic techniques. A bioautographie technique described by Ken- 
nedy et al. (4) was used to detect areas of stimulation on the chromatograms. 
Bioautographs were prepared by using three semi-synthetic media. The modi- 


fied medium of Kodicek and Mistry (6) described above was used, as well as 





4 


: 











PEPTIDE STIMULATORY FOR LACTIC ACID BACTERIA 


Niven’s (9) semi-synthetic medium for S. lactis as modified by Collins et al. (1). 
Also employed was the medium of Rabinowitz et al. (11), which was modified in 
two respects: (a) the tryptic digest of casein was omitted and replaced by an 
equivalent weight of acid hydrolyzed casein, and (b) adenine, guanine, uracil, 
and xanthine were added at the rate of 0.1 mg. per milliliter single strength 
medium. In preparing the bioautograph plates, 125 ml. double strength medium 
was dispensed into a 500-ml. Erlenmeyer flask and heated in flowing steam for 
30 minutes. The medium was tempered to 45°-50° C. and combined with 125 ml. 
of sterile 4.0% washed agar also tempered to 45°-50° C. (It was found that wash- 
ing the commercial granulated agar eight to ten times with distilled water was 
necessary in order to insure a consistently clear medium for preparing the bio- 
autograph plate.) Five ml. of sterile 0.05% brom cresol purple was then added 
to the mixture. Finally, 2.0 ml. of a 24-hour culture of L. casei, diluted with 
sterile 0.85% saline to 60% light transmission, was added. (When Niven’s 
medium was used to prepare the bioautograph plates, 2.0 ml. of a 24-hour eul- 
ture of SN. lactis, diluted to 75% light transmission in the same manner, was 
added.) The flask was swirled to insure uniform mixing and the contents were 
poured into a 23 X 38 em. Pyrex utility dish fitted with a glass cover. Once the 
medium had hardened, the strips to be assayed (cut lengthwise in half) were 
placed on the surface, where they remained for 10 minutes. The strips were then 
removed and the plates were placed in an incubator at 35° C. for 12-14 hours. 
S. lactis plates were incubated at 32° C. for 3.5-7 hours. The plates were observed 
periodically for the appearance of yellow zones due to increased acid production, 
which indicated the presence of stimulatory components. 

The areas of the chromatograms that contained the stimulatory components 
were then cut out of the paper strip and eluted with methanol by refluxing for 
1 hour. 

The resolved active eluates obtained from chromatograms were hydrolyzed 
in 6 N hydrochloric acid and in saturated barium hydroxide in sealed Pyrex 
tubes at 121° C. for 15 hours. The acid hydrolyzate was evaporated to dryness 
on a steam bath three successive times to remove excess hydrochlorie acid. The 
final volume was made to 1 ml. with water. In the alkaline hydrolyzates the ex- 
cess barium was removed by the addition of a slight excess of sulfuric acid. The 
resulting precipitate was removed by centrifugation, and the solution was evap- 
orated to dryness and reconstituted as deseribed for the acid hydrolyzates. 

Amino acids present in the acid and alkaline hydrolyzates were ‘identified 
by using one- and two-dimensional paper chromatography. Known amino acids 
were prepared in a concentration of 5 mg. per milliliter in distilled water. Tyro- 
sine and tryptophan were dissolved in 1 N NaOH and eystine in 2 N HCl. Ap- 
proximately 0.005 ml. of each known amino acid solution was applied at 3-cem. 
intervals along the 10-cm. base line of an 18 X 57 em. sheet of Whatman #1 chrom- 
atography paper. The hydrolyzates (0.005 ml.) were applied between different 
known amino acids. This allowed close comparison of Rf values and also of color 
reactions of the amino acids with ninhydrin after development in different sol- 
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vents. It was necessary to use more than one developing solvent to resolve fully 
all the amino acids in the hydrolyzates. Specific tests were made for certain 
amino acids. The hydrolyzates were tested for cystine and cysteine by the meth- 
od of Toennies and Koib (17) and fer tryptophan by the method of Tauber (16). 
The method of Feigl (2) was used to test for methionine on chromatograms of 
the acid hydrolyzates. 

Once the identity of the amino acids present in the active eluate had been 
reasonably established, two-dimensional chromatograms of the acid hydrolyzates 
and known amino acids were prepared. These were developed with different sol- 
vents in a Chromatocab (Reco A300 Research Equipment Corporation, Oakland, 
California). 


RESULTS 


Microbiological activity of pancreas extract. The observation of Hankin (3) 
that an aqueous extract of hog pancreas glands was stimulatory for L. casei in 
the modified medium of Kodicek and Mistry (6) was confirmed. Figure 1 pre- 
sents a typical response curve showing the stimulation afforded by the extract. 
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MG. PANCREAS EXTRACT SOLIDS 


Fic. 1. Response of L. casei to pancreas extract in H-KM medium 


Chromatographic and bioautographic techniques. Solvents used for the chro- 
matographic separation of peptides and amino acids were employed in an effort 
to resolve stimulatory fractions present in the pancreas extract. Of a number 
tried, it was found that butanol, acetic acid, and water (40:10:50) described by 
Levy and Chung (7) provided resolution of an active factor at Rf 0.32. Another 
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active factor remained on the base line (Rf 0.05), and attempts to resolve it from 
other inactive components have been unsuccessful to date. The present investi- 
gation is concerned with the factor appearing at Rf 0.32. In the Kodicek and 
Mistry medium containing strepogenin (2 X crystalline trypsin hydrolyzate of 
casein) it was necessary to spot 9.60 mg. of pancreas extract solids on the paper 
chromatogram to detect the active factor, but resolution of the active factor from 
other ninhydrin-reactive compounds was poor. By spotting 2.40 mg. of pancreas 
extract solids on paper strips, resolution of the active stimulant from inactive 
components was markedly improved. The active spot on the latter chromato- 
grams was readily detected on bioautographs made with the modified Rabinowitz 
medium to which no strepogenin was added. Therefore, in order to obtain reso- 
lution of the stimulant from inactive components, 2.40 mg. of pancreas extract 
was spotted on all further paper chromatograms and its location was detected 
on bioautographs made with the Rabinowitz medium. The biologically active 
area at Rf 0.32 gave a less pronounced color with ninhydrin than did many of 
the inactive bands. It was, however, fluorescent under ultraviolet light (254 
my), and this property was used as a guide in removing the active area from the 
chromatogram for further study. 

In bioautographs with S. lactis, active components were also observed at Rf 
0.05 and 0.32 on chromatograms developed in butanol, acetic acid, and water 
(40:10:50). 


TABLE 2 
Rf values on one-dimensional chromatograms of known amino acids and ninhydrin reactive 
areas in hydrolyzate of active peptide 











Butanol: acetic acid: water Pyridine: water Pyridine: acetic acid: water 
(40: 10: 50) (80: 20) (50: 35: 15) 
Rf of Rf of Rf of 
Rf of hydro- Rfof hydro- Rfof hydro- 
amino lyzate amino lyzate amino _ lyzate 
Amino acid acid spots Amino acid acid spots Amino acid acid spots 
cystine* 0.06 lysine 0.20 0.19 
lysine 0.11 0.12 arginine 0.26 histidine 0.25 
histidine 0.14 aspartic acid 0.36 0.37 aspartic acid 0.26 0.26 
arginine 0.16 glycine 0.38 0.39 glycine 0.28 0.28 
serine 0.17 0.14 histidine 0.41 
aspartic acid 0.17 glutamic acid 0.42 0.42 glutamic acid 0.38 0.38 
glycine 0.19 0.19 serine 0.49 0.49 threonine 0.44 0.44 
hydroxyproline 0.20 alanine 0.52 0.53 alanine 0.45 
glutamic acid 0.22 0.23 threonine 0.53 - 
threonine 0.22 hydroxyproline 0.57 
alanine 0.24 valine 0.65 0.65 norleucine 0.62 
cysteine* 0.28 leucine 0.70 0.69 
proline 0.29 0.27 norleucine 0.69 0.69 isoleucine 0.70 
tyrosine 0.36 isoleucine 0.69 
valine 0.42 0.45 leucine 0.69 
methionine* 0.45 


tryptophan* 0.51 
phenylalanine 0.54 


isoleucine 0.58 0.60 
leucine 0.58 
norleucine 0.62 





* Qualitative tests for these amino acids in the hydrolyzate were negative. 
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The active factor was cut from a number of chromatograms developed in the 
butanol, acetic acid, and water solvent and was eluted and concentrated; this 
eluate was then spotted on a second series of paper strips. Of various solvents 
tried, only 80% phenol (aqueous) separated the active area from nonactive, nin- 
hydrin-reactive contaminants. In this solvent the factor appeared at Rf 0.95, 
was fluorescent, and was ninhydrin reactive. Therefore, acid and alkaline hydro- 
lyzates were prepared of the eluate from a number of these resolved areas at Rf 
0.95. 

Hydrolyzates and known amino acids were chromatographed in various ap- 
propriate solvents (Table 2). Qualitative tests were made on the hydrolyzates 
for cysteine, cystine, tryptophan, and methionine and none of these amino acids 
was present; preliminary chromatographic analysis also indicated their absence 
in the hydrolyzates. By development in the butanol, acetie acid, and water sol- 
vent seven ninhydrin-reaetive spots appeared, but only the spot for proline, 
which gave a characteristic yellow color, was resolved satisfactorily. The unre- 
solved amino acids and hydrolyzate were then chromatographed in the pyridine, 
water solvent. These chromatograms showed the presence of lysine, serine, and 
valine and the absence of arginine and hydroxyproline; other amino acids were 
not resolved satisfactorily. Subsequently, chromatograms of hydrolyzate and 
unresolved amino acids were developed in pyridine, acetic acid, and water. These 
chromatograms showed characteristic Rf values for aspartic acid (which also 
gave a consistent characteristic blue color with ninhydrin), glycine, and gluta- 
mic acid; simultaneously no indication was found for the presence of histidine 
and norleucine. The remaining two ninhydrin spots indicated the presence of 
alanine and/or threonine and of isoleucine and/or leucine. 

Two-dimensional chromatograms were then prepared of the hydrolyzed fae- 
tor, the two unresolved pairs of amino acids, as well as the other amino acids 
found present by the previous one-dimensional chromatograms. Pyridine, acetic 
acid, and water (50:35:15) was used as the solvent mixture in the first dimension 


TABLE 3 
Rf values on two-dimensional chromatograms of known amino acids 
and ninhydrin reactive areas in hydrolyzate of active peptide 














First dimension Second dimension 
pyridine: acetic acid: water Butanol: acetic acid: water 
(50:35:15) (40: 10: 50) 
Rf of amino Rf of hydro- Rf of amino Rf of hydro- 
Amino acid acid lyzate spot acid lyzate spot 
lysine 0.29 — 0.30 0.10 0.10 
aspartic acid 0.30 0.30 0.14 0.14 
glycine 0.34 0.34 0.17 0.17 
serine 0.38 0.39 0.17 0.18 
glutamie acid 0.45 0.46 0.19 0.20 
threonine 0.48 0.49 0.20 0.23 
alanine 0.50 0.51 0.24 0.27 
proline 0.53 0.52 0.31 0.32 
valine 0.69 0.68 0.44 0.44 
isoleucine 0.76 0.75 0.59 0.59 
0.77 0.77 0.63 0.63 


leucine 
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and butanol, acetic acid, and water (40:10:50) was used in the second dimen- 
sion. By relative position and Rf values of the ninhydrin spots the following 
amino acids were found present: lysine, aspartic acid, serine, glycine, glutamic 
acid, threonine, alanine, proline, valine, and probably both leucine and isoleu- 
cine (Table 3). The last two amino acids were not always completely resolved, 
but the chromatograms indicated the presence of two spots at the characteristic 
locations of leucine and isoleucine. 


DISCUSSION 


Although it is recognized that strepogenin is a peptide-like substance origi- 
nating from tryptic hydrolyzates of a variety of proteins, the structure and 
arrangement of constituent amino acids in this substance are still unknown. 
Since it was discovered by Woolley (7%), considerable interest and significance 
have been attached to the role of strepogenin peptides in bacterial nutrition. 
Many proteins, after partial hydrolysis, have been categorized as to their relative 
strepogenin potency and their growth-promoting effects on various microorgan- 
isms (6, 13, 14, 20). Some synthetic peptides have also been examined in this 
respect (8, 10, 22). 

Woolley (21) noted that strepogenin activity of insulin was due to the strep- 
ogenin structure being at the end of the peptide chain, and that glycine is the 
amino end-group of strepogenin. Later (22) working with synthetic peptides, 
he found that only those having a substituent amino acid on the amino group of 
glutamic acid were active. The substituent amino acids of these active peptides 
were serine, glycine, alanine, and tyrosine. Stokes et al. (15) provided evidence 
that indicated asparagine was closely related nutritionally to strepogenin ; tryp- 
sin digest of casein inactivated by refluxing with HCl at pH 1.0 for 24 hours 
was completely inactive in an asparagine-free medium. The activity of 3.0 mg. 
of the strepogenin preparation, however, was fully restored when 0.75 to 1.0 mg. 
of L-asparagine was added per 10 ml. of medium. Woolley and Merrifield (23) 
have also reported the isolation of eight peptides, each showing high strepogenin 
activity for L. casei, from partial acid hydrolyzates of insulin. The most active 
peptide, which was 780 times as potent as the standard liver fraction ‘‘L,’’ con- 
tained cystine, glutamic acid, glycine, serine, valine, and the leucines. The other 
peptides each contained the same amino acids with certain modifications ; some 
contained tyrosine and some lacked one or two of glycine, serine, and isoleucine. 
It should be noted that the active peptide isolated in the present study contained 
all these amino acids with the exception of tyrosine and cystine, but in addition 
contained proline and threonine. 

Seott et al. (13) observed that trypsin itself had strepogenin activity for L. 
casei. Later the studies by Kizer et al. (5) showed that crude trypsin prepara- 
tions were stimulatory for DL. casei in the presence of strepogenin and that these 
factors were present as contaminants in impure preparations of trypsin. Thus, 
it appeared that in many preparations of strepogenin, stimulants were derived 
from impurities in the enzyme used for making the hydrolyzate as well as from 
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hydrolytic products from the protein. Since the stimulants in crude trypsin have 
been shown by Hankin (3) to be those present in pancreas tissue, the peptide 
reported in the present study may have contributed to strepogenin activity in 
preparations made with crude trypsin. This may explain some of the differences 
reported in the characterization of strepogenin. 

It is interesting to note that not only yeast extract but liver fraction ‘‘L,”’ 
which has been used as a standard reference material in the quantitative assay 
of strepogenin, contained stimulants operative in the medium containing strepo- 
genin (2 X erystalline trypsin digest of casein). On the basis of Rf values ex- 
hibited by these factors after chromatographic development in butanol, acetic 
acid, and water (40:10:50), it appeared that one may be the same as one of the 
stimulants of pancreas extract deseribed here. This is being studied further. 

It appears likely that with the eventual realization of the identity of strepo- 
genin, no single structure will be found as the responsible entity of activity. 
Rather it seems that different peptides will be found stimulatory, depending on 
the actual amino acids present and their arrangement in the peptide molecule. 


SUM MARY 


Pancreas tissue was shown to contain two stimulants for L. caser and SN. lactis 
which were active in the presence of strepogenin. One stimulant was purified 


chromatographically and showed characteristics of a peptide. Acid and alkaline 
hydrolyzates of the stimulant contained the following amino acids: lysine, aspar- 


tie acid, serine, glycine, glutamic acid, threonine, alanine, proline, valine, and 
probably both leucine and isoleucine. The relationship between the active stim- 
ulants in pancreas tissue and strepogenin was discussed. 
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It is important to know what combinations of laboratory tests are most f 
useful for predicting the fertility of bovine semen and what percentage ua 
of the ejaculates must be discarded to achieve a specified increase in the non- 
return rate. The purpose of this study was to provide some preliminary 
quantitative estimates of these factors. Editor. 











Numerous laboratory tests of semen quality have been reported to be corre- 
lated with fertility (7, 2-7, 9-12, 14, 15, 17-21). In practice low spermatozoan 
concentration, low motility, long methylene blue and resazurin reduction times, 
and a high percentage of abnormal spermatozoa, have been used as bases for 
rejecting ejaculates which otherwise might have been considered satisfactory 
for breeding purposes. 

However, the important consideration is not so much what correlation coeffi- 
cients are statistically significant and at what level of probability but what 
combinations of laboratory tests are most useful for prediction purposes, and 
what percentage of the ejaculates must be discarded to achieve a specified in- 
crease in the nonreturn rate. To provide some preliminary quantitative esti- i 
mates of these factors the investigations reported herein were conducted. 


ETL 


EXPERIMENTAL PROCEDURE 
The following measurements were made on each of three ejaculates from 
each of 53 bulls in the active stud of the New York Artificial Breeders’ Coopera- 
tive, Ine. : 


Pz 


X,. The concentration of spermatozoa in the unextended ejaculate immediately 
after collection as determined by the photoelectric method of Salisbury 
et al. (15). 

X». The per cent of motile spermatozoa in the unextended ejaculate immedi- 
ately after collection as determined by the routine procedure of this lab- 


oratory (22). 
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X;. The relative speed of forward movement of the spermatozoa in the ejacu- 
late immediately after collection as determined by the routine procedure 
of this laboratory (22). 

X,. The time in minutes required for 0.2 ml. of semen from the fresh ejacuiate 
extended in 0.8 ml. of citrate-sulfanilamide-yolk (16) to reduce 0.1 ml. of 
a 50 mg.‘% solution of methylene blue in citrate-sulfanilamide buffer ac- 
cording to the method of Beck and Salisbury (1). 

X;. The pH of the ejaculate immediately after collection. 

X,. The per cent of spermatozoa in the ejaculate immediately after collection 
that did not stain with eosin by the procedure of Lasley et al. (10). 

X;. The per cent of morphologically abnormal spermatozoa in the ejaculate 
immediately after collection as determined from the stained smears used 
for Xg. 

Xx (1:100). The time in days required for the extended ejaculates to decrease 
to 30% motile spermatozoa when extended 1:100 in 3.6% citrate-sulfanila- 
mide-yolk (16) and stored at 5° C. These values were determined from 
daily microseopiec observations of subsamples taken from the extended 
ejaculates used for inseminating cows. 

Xx (1:300). The time in days required for the extended ejaculates to decrease 
to 30% motile spermatozoa when extended 1:300 in 3.6% citrate-sulfanila- 
mide-yolk and stored at 5° C. These values were determined in the same 
manner as those for Xs (1:100). 

Xogy. The oxygen uptake in pl. per 10° spermatozoa per hour when extended at 
the rate of 1 part of semen to 4 parts of 3.6% citrate-sulfanilamide-yolk 
(16) and held at 37.5° C. for 1 hour. These measurements were made in 
conventional Warburg manometers within 314 to 514 hours after the cjacu- 
late was collected. Until then the semen was held unextended at 5° C. 

Xoy. The oxygen uptake in pl. per 10° motile spermatozoa per hour under the 
same conditions as for Xor. 

Xio. The milliliters of semen per ejaculate. 

Xi. The millions of motile spermatozoa per milliliter of extended semen after 

extending the semen 1:100. These numbers were based on the values for 

X, and Xo», deseribed above. 

Millions of motile spermatozoa per milliliter of extended semen after ex- 

tending the semen 1:300. These numbers also were based on Xy and Xo. 

Y,. The per cent of first service cows not returning for reinsemination within 
60 to 90 days after the month in which they were inseminated with semen 
extended 1:100 in 3.6% citrate-sulfanilamide-yolk. 

Y;. The per cent of first service cows not returning for reinsemination within 
60 to 90 days after the month in which they were inseminated with semen 
extended 1:300 in 3.6% citrate-sulfanilamide-yolk. 

The ejaculates used for breeding purposes were cooled slowly to 5° C. in 75 
minutes prior to extending them with 5° C., 3.6% citrate-sulfanilamide-volk 

(16). They were then kept at 5° C. 
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Approximately one-half of each ejaculate was extended 1:100, and the re- 
mainder was extended 1:300. The inseminations were performed during the 
months of February, March, April, and May, 1948, and all technicians had 
equal opportunities to use the semen at the two extension rates. 


RESULTS AND DISCUSSION 


The means for each of the semen tests, the ‘‘gross’’ linear correlation coeffi- 
cients for each test and fertility at the two extension rates, and the 60- to 90-day 
per cent nonreturns to a total of 12,953 first services for the two extension 


rates are shown in Table 1. 


TABLE 1 


Gross linear correlation coefficients between different semen tests and fertility 














1:100 1:300 
Semen — Fresh dilution dilution 
test ejac. 
Semen quality test code means Mean “— Mean eer 

10° sperm per ml. 

fresh ejaculates Xi 1,310 + 0.353** + 0.237** 
©“ motile sperm in 

fresh ejaculates X: 65.5 + 0.218** + 0.200* 
Rate of sperm travel Xs 3.2 + 0.146 + 0.157 
Methylene blue reduction 

time (minutes) X4 8.0 — 0.260** — 270°" 
pH of fresh semen X; 6.45 — ¢,7ei” ~— 0:216"* 
Yo unstained sperm in 

fresh semen Xe 71 + 0.198* + (.187* 
% abnormal sperm in 

fresh ejaculates X; 24.4 —~ (.247** — 0.199* 
Livability in days 

at 5° C. Xs 4.7 + 0.150 3.2 + 0.207* 
ul. 02 uptake per 

10° sperm Xor 9.3 + 0.267** + 0.169* 
ul. 02 uptake per 

10° motile sperm Xom 14.1 + 0.199* + 0.126 
Volume of ejaculate Xi0 7.8 — 0.170 —o)12 
10° sperm per ml. 

extended semen Xu 12.8 + 0.352** 4.4 + 0.253** 
10° motile sperm per 

ml. extended semen X12 8.4 + 0.386** 2.9 + 0.290** 
% 60- to 90-day NR 

to 7168 Ist services Y2 56.6 
% 60- to 90-day NR 

to 5785 1st services Ys 52.8 





* Denotes statistical significance at the 5% level of probability. 
** Denotes statistical significance at the 1% level of probability. 


The difference of 3.8 percentage units between the average nonreturn rates 
at the 1:100 and 1:300 extension rates was highly significant statistically but 
actually is small in relation to the large difference in the average number of 
motile spermatozoa inseminated at the two extension rates. This difference in 
per cent nonreturns at the two extension rates is somewhat smaller than has 
been reported for similar extension rates by other investigators (3, 4, 20, 21). 

The ‘‘gross’’ rather than the ‘‘within’’ bull regressions were chosen for 
computing predicted nonreturns because the general procedure for discarding 
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ejaculates at the time of collection does not take into consideration the bull 
from which the ejaculate is obtained. If bulls themselves are to be culled be- 
eause of low fertility, it would best be done on the basis of the nonreturns to 
a limited number of actual breedings, rather than on tests of semen quality. 
None of the correlation coefficients are large, although most of them are larger 
than required for significance at the 5% level of probability. The correlation 
coefficients between fertility and rate of spermatozoan travel, Xs, the livability 
of the spermatozoa at 5° C., Xx, their oxygen uptake, Xo, and Xo, and the 
volume of the ejaculate, Xj, are either not significant statistically or are of 
low significance and too tedious to perform to be of practical value. Thus, there 
remain spermatozoan concentration, X;, per cent motile spermatozoa, Xe, 
methylene blue reduction time, X4, pH, Xs, per cent unstained spermatozoa, 
X,, and per cent morphologically abnormal spermatozoa, X;, as tests or com- 
binations of tests for predicting nonreturn percentages under practical operat- 
ing conditions. 

F tests of the hypothesis that the regressions with respect to certain tests 
or combinations of tests = 0 revealed that only spermatozoan concentration, X4, 
and per cent morphologically abnormal spermatozoa, X;, contributed signifi- 
cantly to the prediction of fertility. The regression equation for the combina- 
tion of these two tests is y, = 0.01442, — 0.261827, for the 1:100 extension rate 
and y, = 0.0099x, — 0.23522, for the 1:300 extension rate, where the y,’s and 
x’s are deviations about their respective means. 

Since the percentage of morphologically abnormal spermatozoa, X7, cannot 
be determined rapidly, the usefulness of this test at the time ejaculates are 
collected seems rather impractical. Furthermore, recent studies in this labora- 
tory (15) indicate that the average percentage of abnormal spermatozoa in 
ejaculates collected now is slightly less than one-half that for the studies re- 
ported here and is not correlated with fertility. Thus it appears that sperma- 
tozoan concentration, X,, is the most useful regression for predicting fertility ; 
the equations, based on the data presented here, being y, = 0.01542, for the 
1:100 extension rate and y, = 0.01082, for the 1:300 extension rate. Since the 
estimation of the per cent of motile spermatozoa may be done quickly, and 
certainly should be done routinely as a precaution against the use of ejaculates 
containing few motile spermatozoa, it is a simple task to combine spermatozoan 
concentration, per cent motile spermatozoa, and extension rate to give either 
the number of total or the number of motile spermatozoa per milliliter of 
extended semen, X;; and Xj, as a practical basis for predicting fertility. 

If it is assumed that we are dealing with normal distributions with respect 
to the .’s and the errors and that rejection of ejaculates is to be done strictly 
on the basis of their predicted fertility, a formula can be set up for computing 
the predicted increases in nonreturn percentages (8). This formula is as fol- 
lows: predicted increase = cD, where c is the estimate of the covariance between 
the predicted and the actual nonreturn percentages and D is a constant related 
to the fraction of ejaculates to be rejected. On the basis of the predicted increase 
in per cent nonreturns for different rejection rates and the mean nonreturn 
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TABLE 2 
Examples of predicted average nonreturn percentages when different combinations of 
semen tests are used for rejecting ejaculates 











Semen extended 1: 100 and Semen extended 1:300 and 
Per cent of rejected on the basis of rejected on the basis of 
ejaculates 
to be XiX2X4- Xi X2Xi- 
rejected X," x." X.X;° XsXeX;" Xi‘ X::° X.X;* XsXeX" 
0 56.6 56.6 56.6 56.6 52.8 52.8 52.8 52.8 
10 57.7 57.8 57.9 58.0 53.6 53.9 53.8 54.0 
20 58.6 58.8 58.9 59.1 54.2 54.8 4.5 55.0 
30 59.4 59.7 59.9 60.2 54.8 55.6 55.3 55.9 
40 60.3 60.6 60.8 61.2 55.4 56.4 56.0 56.8 
50 61.2 61.6 61.9 62.3 56.0 57.3 56.8 $7.7 
60 62.1 62.6 63.0 63.6 56.7 58.2 57.6 58.7 
70 63.2 63.8 64.2 65.0 57.5 59.3 58.6 59.9 
SO 64.6 65.3 65.8 66.7 58.4 60.6 59.8 61.4 
90 66.7 67.6 68.2 69.3 59.9 62.6 61.6 63.6 





* Yo = 56.6 + 0.0154x1 
Yo = 56.6 + 2.1645x12 
© Yo = 56.6 + 0.0144x,— 0.2618x; 
* Yo = 56.6 + 0.0172x1 + 0.1650x2 + 0.2595x, + 1.8269x; 
+ 0.1763x6 — 0.1902x; 
* Yo = 52.8 + 0.0108x, 
2.8 + 5.7431 x12 
Yo = 52.8 + 0.0099x, — 0.2352x; 
" Yo = 52.8 + 0.0029 x, + 0.0780x2 — 0.4462x, — 8.5840x; + 0.1185x5 — 0.1834x; 






percentages for the respective extension rates, predicted nonreturn percentages 
were computed for different combinations of semen tests and percentages of 
rejected ejaculates. These predicted percentages are shown in Table 2. 

Two important relationships are to be seen in Table 2. One is the small 
differences among predicted nonreturn percentages for the combinations of 
semen tests shown, and the other is that rejection of 50% of the ejaculates on 
the basis of Xj. and extending the remainder 1:300 results in a predicted non- 
return percentage essentially equal to that predicted when no ejaculates are 
rejected and all are extended 1:100. This latter relationship, if generally true, 
would have considerable importance because it would make possible a 50% in- 
crease in the number of potential breedings per ejaculate, without the small sac- 
rifice in fertility normally expected from extending unselected ejaculates 1: 300. 

In order to determine which ejaculates should be rejected Table 3 has been 
constructed. It should be noted that in the upper range of values in Table 3, 
the nonreturn percentages below which ejaculates must be rejected to achieve 
a specified percentage of rejections is somewhat higher than the predicted 
average nonreturns of those to be retained for use. (See Table 2). This is a 
consequence of the fact that the prediction of fertility on the basis of semen 
tests is considerably less than perfect, and therefore the average of the ejacu- 
lates used tends toward the general mean rather than being beyond the rejec- 


tion level. 

For routine operations at a specified extension rate, such as 1:300, and with 
the rejection of ejaculates based on the number of motile spermatozoa per milli- 
liter of extended semen, Xj2, predicted nonreturn percentages for ejaculates of 
different quality may be computed and arranged as shown in Table 4. 
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TABLE 3 
An erample of predicted nonreturn percentages below which ejaculates must be 
rejected to achieve a specified percentage of rejections 





When extending 1:300” 
reject ejaculates with 
predicted nonreturn 
percentages below 


When extending 1:100* 

reject ejaculates with 
predicted nonreturn 
percentages below 


Per cent of 
ejaculates to 
be rejected 














10 35.9 31.0 
20 43.0 38.5 
30 48.1 43.9 
40 52.5 48.5 
50 56.6 52.8 
60 60.7 57.1 
70 65.1 61.7 
80 70.2 67.1 
90 77.3 74.6 

“im 56.6;¢, = 16.18. 

” m= 52.8: o, = 16.99. 


If the relationship between fertility and the number of spermatozoa insemi- 
nated as found in these studies holds true at the higher nonreturn rates com- 
mon today in artificial breeding—and there is some evidence to this effect 
(2, 3, 4, 20, 21)—it suggests that higher extension rates could be used provided 
they were accompanied by the use of effective tests for rejecting the less fertile 
ejaculates. As a consequence the usefulness of sires in artificial breeding could 
be greatly extended without sacrificing the present day high fertility levels. 
Further studies of this problem under present day operating conditions involv- 
ing larger numbers of services per ejaculate and higher average fertility levels 
than obtained in these studies are to be reported later. 

It should be recognized that the rejection of ejaculates may have undesired 
genetic consequences. For example, if ejaculates from sires with high produc- 
tion proofs in artificial breeding are culled more heavily than is compensated 
for by increased extension rates, the net result will be fewer progeny from 
these sires than might otherwise be possible. However, this situation can be 

TABLE 4 
An example of predicted nonreturn percentages (yo) for ejaculates of different quality 


using the number of motile spermatozoa per milliliter of extended 
semen at 1:300 as the basis of rejection* 





Coneentration of 


spermatozoa 1n % motile spermatozoa in ejaculates (X:) 





ejaculates 


10°/ml. 





(X1) 40 50 60 70 80 
500 40.9 40.9 41.9 42.9 43.8 
700 41.5 42.9 44.2 45.5 46.9 
900 43.0 44.8 46.5 48.2 49.9 

1100 44.6 46.7 48.5 50.9 53.0 

1300 46.1 48.6 51.1 53.5 56.1 
1500 47.6 50.5 53.4 56.2 59.1 

1700 49.2 52.4 55.7 58.9 62.2 

1900 50.7 54.4 58.0 61.6 65.3 

2100 52.2 56.2 60.3 64.3 68.3 











* yo = 52.8 +5.7431x12 where x2 is the deviation from the mean value of 2.9x 10° motile 
sperm per milliliter of extended semen at 1:300. 
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corrected by combining the appropriate genetic data with semen and fertility 
data to arrive at a prediction of maximum genetic gain. 

If a large number of young sires are being sampled in a production testing 
program, it is quite likely that more semen will be available than is needed. 
Consequently, the young sires’ ejaculates may be culled rather rigorously on 
the basis of predicted fertility with little likelihood of restricting the use of the 
young sires to the point where an early proof of genetic merit for production 
and other economie traits will be greatly delayed. 


SUMMARY AND CONCLUSIONS 


Statistically significant ‘‘gross’’ linear correlations were obtained between 
the fertility of bovine ejaculates extended 1:100 and 1:300 and the concentra- 
tion of spermatozoa in the ejaculate, the per cent of motile spermatozoa, the 
methylene blue reduction time, the pH, the per cent of unstained spermatozoa, 
the per cent of morphologically abnormal spermatozoa, the livability of sperma- 
tozoa at 5° C., and the oxygen uptake of spermatozoa at 37.5° C. The average 
60- to 90-day per cent nonreturns to 7,168 first services with semen extended 
1:100 and 5,785 first services with semen extended 1:300 in 3.6% citrate- 
sulfanilamide-yolk were 56.6 and 52.8, respectively. 

From among the semen tests that may be performed quickly after the ejacu- 
late is collected, spermatozoan concentration and the per cent of abnormal 
spermatozoa make substantial contributions to the prediction of per cent non- 
returns at extension rates of either 1:100 or 1:300. However, in the routine 
examination of semen for large scale artificial breeding operations, the culling 
of ejaculates on the basis of their predicted nonreturns from the number of 
motile spermatozoa per milliliter of extended semen appears to be more feasible. 

Rejecting 50% of the ejaculates by this procedure and extending the remain- 
ing ones 1:300 resulted in a predicted average nonreturn percentage equal to 
that predicted when no ejaculates were rejected and all were extended 1: 100. 
The practical consequence of the use of such a culling and extending procedure 
would be to make available for breeding purposes 50‘% more extended semen 
without sacrificing fertility. Results of further studies of this problem under 
present day operating conditions and fertility levels will be reported later. 
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There is a question as to whether or not the rating values as used in 
type classification should be equidistant. A sample of Jersey type classifi- 
cation data was used as a basis for this mathematical study of the problem, 
which involved 2,810 daughter-dam pairs. The results indicate that an arbi- 
trary system of consecutive numerical scores was as accurate as scores 
derived from the data. Editor. 











The rating of Jersey cattle for conformation (type) was inaugurated by The 
American Jersey Cattle Club in 1932. Under this plan of herd classification, an 
official inspector rates the cows according to the rules of the classification pro- 
gram. The cows are given a single over-all rating in one of six grades: Excellent, 
Very Good, Good Plus, Good, Fair, and Poor. By rule of The American Jersey 
Cattle Club, the certificate of registration is canceled if cows classify Poor; 
therefore, in studying the type data from the Breed Association, one is concerned 
with the five remaining classes. 

In order to make a numerical analysis of type classification data, the usual 
procedure is to assign consecutive integers to the ratings as follows: Fair = 2, 
Good = 3, Good Plus = 4, Very Good = 5, and Excellent = 6. The question 
arises whether or not these scores should be equidistant apart. Fisher (2) has 
outlined a method for determining the appropriate numerical values to be as- 
signed to non-numerieal data. Rae (5) suggested that maximizing the regression 


TABLE 1 
Frequency distribution of the type classifications of dams and daughters 
included in these data and for the Jersey breed 





Breed percent- 





Rating Dams Daughters age of total* 
(No.) (%) (No.) (%) 

E 98 4.3 37 1.3 2.6 
VG 992 44.5 962 34.2 30.5 
GP 903 40.6 7 1,330 47.4 46.8 
G 215 9.7 422 15.0 17.5 
F 19 0.9 59 2.1 2.6 
Total 2,227 100.0 2,810 100.0 100.0 





* This is the distribution of the classifications of 170,827 Jersey females classified during the 
period 1943-1953. 
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of daughter on dam would give the appropriate numerical values to be used in 
estimating the heritability of sheep scores. The present paper shows the results 
of applying these methods to a sample of Jersey type classification data. The 
problem of unequal numbers of daughters per dam encountered when estimating 
heritability by the regression of daughter on dam is also considered. 


DATA 


The type records for this analysis were provided by The American Jersey 
Cattle Club in conjunction with another study (7). The data consisted of 2,810 
daughter-dam pairs from 414 herds with the daughters being the progeny of 756 
sires. The frequency distribution of the type classifications of the dams and 
daughters as well as that for the Jersey breed are shown in Table 1. There is 
good agreement between the breed distribution and the distribution for the 
daughters, indicating that the daughters were a representative sample of the 
breed. The dams had somewhat higher frequencies in the Excellent and Very 
Good ratings and correspondingly lower frequencies in the Good Plus and Good 
‘atings. This is to be expected because of a greater opportunity for selection 
of dams and since the ratings can be raised but not lowered on subsequent 


reclassification. 


EXPERIMENTAL PROCEDURE AND RESULTS 
Estimating type scores. The mathematical model 
Yr — YU + b (xij — Xi.) H Ciix 

was used to express the intra-sire regression of daughter on dam. In the model, 
Yijx iS the type rating of the k™ daughter of the j‘ dam and the i sire, xj; is the 
type rating of the jt dam mated to the i sire and b is the intra-sire regression of 
Yijx ON 2;;. The intra-sire regression, b, is the ratio of the within sire crossprod- 
ucts, P, and the within sire sums of squares for dams, S. The values for P and 8 
are expressed in terms of t; where the five type classifications of Excellent, Very 
x00d, Good Plus, Good, and Fair are denoted by f;, t,, t,, ¢., and t,, respectively. 

The intra-sire regression, b = P/S, can be expressed in terms of the f;’s as 











follows : 
=a Nik Nik t?; + = Nik Nix t; t; 
ei , tzJ isj 

P => ni. tt;- 
a | Mk (1). 
8 p Nix t?; + >S Ni Nix t; t; 

: i tej 

in. ,— 3 

1 k Nk 


where the i and j subscripts refer to the different ¢ classes and the k subscript 
refers to sires. The analysis consists of obtaining values for the f¢;’s that will 
maximize b. The partial derivative of b = P/S taken with respect to each of the 
t;’s can be reduced to form the expression 


| oP os has 
| (2) 
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aP as ' ; . 
The ry, and ry are systems of quadratic equations. Since they are not 
t t 


independent, in order to get a solution, it is necessary to impose the restriction 
that ¢; = 0. The largest value of b which will make equation 2 equal to zero is the 
solution desired and it can be found by an iterative method developed by Aitken 
(1) and used by Rae (5). Applying this procedure to the data resulted in a 
value of b = 0.14. In order to solve for the values of t., ¢,, and t,, the value of ft, 
was set equal to 1.0. The solution for the other f¢;’s was: te = 0.19, tg = 0.51, and 
t, = 0.71. The corresponding values obtained by making the analysis on a within 
herd basis (instead of intra-sire) were ¢. = 0.08, ¢t, = 0.51, and t, = 0.78 with a 
maximized b value of 0.15. 

The values of the ¢;’s were tested to see if they differed significantly from an 
arbitrary scoring system where ¢, = 0, t, = 0.25, t, = 0.50, t, = 0.75, and f,; 
= 1.0. Analysis of covariance to adjust the set of scores derived from the intra- 
sire analysis and then an analysis of variance of the adjusted scores (2) as given 
in Table 2 indicated that there was a nonsignificant difference between the empiri- 


TABLE 2 
Analysis of covariance for the arbitrary scores (Y) and the empirical scores (X) 
and the test of significance of the adjusted empirical scores 








Adjusted 
Source of Degrees of sums of Mean 
variation S(Y’) S(YX) S(X’) freedom squares square 
Sires 14.949 14.862 14.847 758 0.0764 0.0001 
Remainder 95.663 93.132 93.042 2,051 2.3745 0.0012 
Total 110.612 107.994 107.889 2,809 2.4509 





cal and arbitrary scores. The same was true for a similar analysis of the intra- 
herd ¢t values. The intra-sire correlation between the arbitrary and the adjusted 
t values was 0.99 and is highly significant. Thus, the procedure of coding type 
ratings such that Fair = 2, Good = 3, Good Plus = 4, Very Good = 5, and 
Excellent = 6 seems valid for estimating the heritability of type scores in dairy 
cattle. 

The intra-sire regression of daughter on dam should contain about one-half 
of the additive genetie variance plus a small fraction of the epistatic variance. 
Therefore, the derived ¢t values do not maximize the ratio of the additive genetic 
variance to the total variance unless the epistatie variance is zero. Doubling the 
regression coefficient, b = 0.14, gives an intra-sire heritability of type of 0.28. 
The intra-sire estimate obtained from‘an analysis using the arbitrary scores was 
0.25. This difference is not significant and is largely the result of the empirical 
scores being a better fit to the model. 

Variable numbers of daughters. There were 463 dams in these data that had 
from two to six offspring. The number of dams having 2, 3, 4, 5, and 6 daughters 
was 362, 86, 12, 2, and 1, respectively. These daughter groups included sets of 
half sibs, full sibs, and some of both. The proper weighting of dams with variable 
numbers of offspring in computing the regression of progeny mean on parent has 








PICT Te, 


a aan or aah 








ESTIMATING HERITABILITY OF TYPE CLASSIFICATIONS 1553 
been caleulated by Kempthorne and Tandon (3). This method has been more 
clearly stated by Reeve (6) and expanded to include families of full sibs as well as 
mixed families. The principle of choosing the weights such that the regression has 
minimum sampling variance was followed. By using the method suggested by 
Kempthorne and Tandon, and Reeve, the intra-herd regression of daughter on 
dam was found to be 0.145. 

Legates and Lush (4) used the expectation of the number of o°G@/2 terms in 
the crossproduct between each daughter’s record and the dam’s record to adjust 
the degrees of freedom for those dams with more than one daughter. This gives 
rise to fractional degrees of freedom for the crossproducts terms of the covariance 
analysis. The expected numbers of degrees of freedom for such an analysis are 


TABLE 3 
The expected number of degrees of freedom in a covariance analysis 
of data including dams with variable numbers of daughters 











Source Expected degrees of freedom 
= ni. 
i 
Total Bec i 
n 
= n*;;. = n*;5. 
v j ij 
Among herds a : 
Ré«; nan 
= nt; 
- 
Within herds Bice ae ; 
a 





listed in Table 3 where nu... is the total number of daughters and nj;;. is the 
number of daughters of the j** dam in the 7“ herd. The method of expectation 
or fractional degrees of freedom resulted in an intra-herd regression of daughter 
on dam of 0.148. 


TABLE 4 


Methods of estimating the intra-herd regression of daughter on dam 
and the corresponding heritability of type 





Regression Intra-herd 





Type of regression Coefficient heritability 
Repeating the dam’s record with each daughter’s record 0.145 0.291 
Unweighted regression of means of daughters’ on dams’ record 0.146 0.293 
Weighted regression 0.145 0.291 
Expectation 0.148 0.296 





Given in Table 4 are the intra-herd regressions of daughter on dam resulting 
from four methods of computation. Because of the similarity of the intra-sire 
and intra-herd estimates of the maximized b value of the previous section, the 
regressions in Table 4 were computed only on an intra-herd basis. It is evident 
that the differences among the four estimates are small. This is not surprising 
since nearly 80% of the data were from dams with only one daughter and the 
intra-herd correlation between records of daughters of the same dam was 0.07 
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for half sibs and 0.15 for full sibs. Unless one has a sample of data in which most 
of the cows have more than one daughter or there is a higher intra-class correla- 
tion between the type ratings of the daughters of the same dam than was found 
here, there is little to be gained in using the more complicated methods of esti- 
mating the heritability of type conformation. 

The difference between the unweighted regression of means of daughters on 
dam’s reeord and the weighted regression was less than that reported by Kemp- 
thorne and Tandon (3), although the dams in their data averaged 1.39 daughters 
per dam as compared to 1.26 here. They found that the weighted regression gave 
about the same result as repeating the dam's record with each daughter’s record, 
which is also consistent with the present findings. The ease with which the dam’s 
record ean be repeated with each daughter’s record makes this method the most 
desirable from the standpoint of computation. On the other hand, for a large 
volume of data, one would probably be justified in choosing at random one 
daughter from those dams with more than one daughter. If the selection of the 
daughter is random, the regression coefficient should not be affected. 


SUMMARY 


An analysis of type classification data involving 2,810 daughter-dam pairs 
was made to determine what numerical values the five grades of Excellent, Very 
Good, Good Plus, Good, and Fair should be given when estimating the heritability 
of type. The results indicated that an arbitrary system of consecutive numerical 
scores Was as accurate as scores derived from the data. 

Estimates of heritability of type were obtained by including all of the daugh- 
ters of a dam in the covariance analysis. The following four methods of caleu- 
lating the regression coefficients were compared: 1 and 2, the weighted and 
unweighted regression of the means of daughters records on dam’s record, 3, 
repeating the dam’s record with each daughter’s record, and 4, adjusting the 
degrees of freedom in the crossproduct terms for the dams with more than one 
daughter. The resulting heritability estimates were approximately the same; 
consequently, the method of repeating the dam’s records with each daughter’s 
record seems sufficiently accurate and has the advantage of being easy to compute. 
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CAROTENE IN THE RATION OF DAIRY CATTLE. Il. THE 
INFLUENCE OF SUBOPTIMAL LEVELS OF CAROTENE 
INTAKE UPON THE MICROSCOPIC ASPECT OF 
SELECTED ORGANS! - 


J. H. BYERS,’ I. R. JONES, AND J. F. BONE 


Departments of Dairying and Veterinary Medicine 
Oregon State College, Corvallis 





The influence of suboptimal intakes of carotene on the structure of the 
pituitary, adrenal, thyroid, ovarian, and testicular tissues of dairy cattle 
and newborn calves has been studied with eight Jersey and four Holstein 
cows as the foundation animals. Postmortem examinations were made on 
all animals of the second and third generation group that died or were 
slaughtered. From the results it is concluded that recommended vitamin A 
and carotene allowances for dairy cattle may require modification. Editor. 











[t is well established that carotene and/or vitamin A deficiencies affect the 
structure of tissues and organs. The data have been obtained for the most part 
from small laboratory animals and to a lesser extent from bulls and newborn 
calves from cows fed carotene and/or vitamin A-deficient rations. Little infor- 
mation is available on the effect of suboptimal carotene and/or vitamin A 
intake upon the histological aspect of tissues, particularly when the deficient 
ration has been fed for extended periods of time during the lifespan of indi- 
viduals, or through two or three generations. 

Numerous workers (2, 3, 4, 7) have reported cystic pituitaries and degen- 
erative changes in the testicles of bulls on carotene-deficient diets. Erb and co- 
workers (2, 3) demonstrated histopathological changes in the anterior pituitary 
and adrenals of bulls on a carotene-deficient ration. Jungherr and associates 
(6) reported consistent changes in the anterior pituitary and a decrease in the 
number of chromophilic cells. Marked hyperplasia of the parotid salivary glands 
and mild hyperplasia of the thyroids also were observed. Moore (8, 9), employ- 
ing an ophthalmoscope, described mottling of the tapetum lucidum or tapetum 
nigrum in the eyes of carotene-deficient animals. Papilledema of the nerve 
head of the optie nerve was frequently seen. In calves the optic nerve often 
showed degeneration at the point where it passed through the optic foramen 
(5, 8). This was not observed in mature cows (9). Thorp (10) reported that 
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calves on extremely low carotene rations at times showed degenerative and 
inflammatory changes in the kidneys. With the exception of cystic pituitaries, 
however, histological changes in the female bovine induced by carotene deficiency 
have not been reported. 

This paper reports the influence of suboptimal (e.g. limited, but not regarded 
as deficient) intakes of carotene upon the structure of the pituitary, adrenal, 
thyroid, ovarian and testicular tissues of dairy cattle and newborn calves from 
animals maintained for extended periods of time on low carotene rations. 


EXPERIMENTAL PROCEDURE 


A group of eight Jersey and four Holstein cows, all pregnant and raised 
on a normal ration, were selected as the foundation animals for this experiment. 
They were placed on a ration of grain and low carotene roughage for a period 
of three to eight months during the latter period of pregnancy. Two of the 
Jersey cows were fed a low-carotene ration for seven months of their second 
gestation. 

The roughages varied somewhat throughout the experiment but contained 
only 1 to + p.p.m. of carotene. Carotene supplements in the form of alfalfa 
meal or carotene-rich oil were fed in such quantity as to ensure the animals a 
daily intake of 50 of carotene per kilogram of body weight. Suffidient grain, 
roughage, and mineral supplements were fed to supply the required amount of 
digestible protein, total digestible nutrients, and mineral elements. 

Eight female and six male calves were born to the first generation cows and, 
after an initial 45-day milk feeding period, were placed on the same level of 
carotene as had been fed their dams. These calves were designated as the 
second generation low-carotene group, and the females were placed on the 
breeding list at 15 months of age. Added to this group was one heifer calf 
(H557) whose dam was not fed the low-carotene ration during pregnancy. The 
calves from the second generation low-carotene animals formed the third gen- 
eration low-carotene group. 

Post-mortem examinations were made on all animals of the second and third 
generation group that died or were slaughtered. Tissues were obtained as quickly 
after death as possible, fixed in Bouin’s fluid, embedded in paraffin, sectioned 
at 10», and stained with hematoxylin-eosin. 


RESULTS 


The first generation cows produced apparently normal calves. The only 
deviation observed was that the birth weights were somewhat lower than the 
average for their respective breeds. 

The second generation group showed a marked loss of reproductive efficiency. 
Although brucellosis-free, these animals frequently aborted or produced still- 
born calves or calves too weak to survive. During a 28-month calendar period 
when the second generation group was fed a ration supplying 50y carotene 


daily per kilogram of body weight, only two normal calves were produced. An 
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additional calf (G-13) was the offspring of H557, whose dam had not been a 
member of the first generation group but which had been carried on the low- 
carotene ration. Subsequently H557 produced a second normal ealf (H557B1) 
while on the low-carotene ration. 

After the 28-month period, the ration of the second generation group was 
raised to a level of 90 y carotene daily per kilogram of body weight for a period 
of 13 months. During this period five calves were born, four of which were 
abnormal or dead at birth. 

The carotene level was again raised to a daily intake of 130 y per kilogram 
of body weight for a period of 18 months. During this period three calves were 
born. Two of these (H557B1 and J267B1) were normal, but the other 
(J251B3) was 6 to 8 weeks premature, weak and blind and died shortly 
after birth. 

One animal (H553), upon being fed a normal ration for 10 months, pro- 
duced a stillborn male calf (H553B2) which showed post-mortem lesions indica- 
tive of strangulation in the birth canal. A previous male ealf (H553B1) born 
to this dam also was stillborn and showed similar lesions. Probably some physi- 
eal or anatomie defect contributing to dystocia was the cause of these deaths, 


but this was not satisfactorily proven by physical examination. 


TABLE 1 
Macroscopic and microscopic observations of low carotene 
calves dead or abnormal at birth 








Experi- Carotene intake Age at 

mental of dam during death or 

animal gestation slaughter Condition of ealf at birth 
(y/ka.) (days) (days) 


Females 


G-5 90 260 8 Weak, blind, constricted and degenerated optic 
nerve, protruding Descomet’s membrane, cor- 
neal opacity, abnormal front legs, slightly hy- 
drocephalic. 

G-8 90 267 6 Weak, blind, protruding Descomet’s membrane, 
corneal opacity, constricted and degenerated 
cptie nerve, hydrocephalic. 

Males 

J253B1 50 277 3 Weak, biind, constricted and degenerated optic 
nerve, abnormal front legs, slightly hydro- 
cephalic. 

J255B1 50 204 Stillborn, slightly degenerated optic nerve. 

H553B1 90 278 ' Stillborn, slightly degenerated optie nerve. 

J250B1 50 233 l Weak, abnormal, hydrocephalic, constricted and 
degenerated optic nerve. 

J251B1 50 261 Stillborn, hydrocephalic, blind, constricted and 
degenerated optic nerve. 

J251B2 90 278 1 Weak, abnormal, blind, constricted and de- 
generated optic nerve. 

J251B3 130 210 2 Stillborn, constricted and degenerated optie 


nerve, 
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Macroscopic and microscopic observations of autopsied calves. Observations 
on calves stillborn or dying shortly after birth are presented in Table 1. Five 
calves showed evidence of hydrocephalus and either were born dead or were 
too weak to survive. Figure 1, showing the cross-section of the skull of calf G-8, 





Fig. 1. Cross-section of skull of G-S Fig. 2. Head of G-8 showing corneal 


showing internal hydrocephalus. opacity. 


demonstrates the typical mild internal hydrocephalus and distortion of the 
vault which were found. Blindness, as determined by ophthalmoscope examina- 
tion after the method of Moore (8), was frequent. A number of calves showed 
evidence of papilledema and mottling of the tapetum lucidum and tapetum 
nigrum. Steamy corneas, with subsequent opacity, erosion, and protrusion of 
Descomet’s membrane, were seen in some animals (Figure 2). Constriction of 





Fic. 3. Optie nerve showing necrosis. Fig. 4. Left testicle of Holstein bull 
500B at slaughter. 


the optic foramen, with resultant damage to the optic nerve, the cellular strue- 
ture revealing the characteristic pyknosis and loss of structural integrity char- 
acteristic of pressure necrosis, was consistently observed (Figure 3). 
Microscopie cysts were observed in the pituitaries of three third generation 
calves. Third generation Holstein bull calf H557B1, born to a dam receiving 
daily carotene intakes of 130 y per kilogram of body weight and itself receiving 
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the same carotene level after the colostrum period until slaughtered at 4 months 
of age, showed multiple microscopic cysts of the pars nervosa. Third generation 
Jersey bull J267B1 was slaughtered at 10 months of age. His dam also received 
the 130 y per kilogram carotene ration, but the caif received a daily carotene 
intake of 390 y per kilogram of body weight after colostrum feeding until time 
of slaughter. Examination of the tissues revealed no apparent abnormalities 
except for the pituitary, which showed multiple microscopic cysts in the pars 
nervosa, and the testes, which were infantile for the age. 

Examination of the thyroids, adrenals, ovaries, and testicles of autopsied 
calves failed to reveal any abnormal condition that could be attributed to the 
deficiency diets of the dams. 

Histological findings in older animals. Jersey bull J218B and Holstein bull 
H496B were slaughtered at 16 to 18 months of age. These animals had been 
maintained on a ration of 50 y per kilogram of body weight per day of carotene. 
The tissues were essentially normal with the exception of the testicles, which 
showed reduced spermatogenesis, and the pituitary of H496B, which showed 
microscopic cysts in the pars nervosa. 

Jersey bull J221B and Holstein bull H500B were slaughtered at approxi- 
mately 4 years of age. These animals were maintained on a ration of 50 y of 
carotene per kilogram of body weight per day after the milk feeding period 
to almiwst 24% years of age, at which time they were increased to 90 y per kilo- 
gram for the period from 21% to 314 vears of age. The carotene intake was 
increased further to 130 y per kilogram for the 7 months before slaughter. Hol- 
stein bull H500B became blind at 16 months of age but continued to produce 
large quantities of fair quality semen until slaughter. Examination of a testicle 
of this animal by biopsy (1) at 16 months of age showed reduced spermatogenesis 
and lack of cellular integrity in the seminiferous tubules. At slaughter, the 
testicles showed marked reduction of the interstitial tissue, the cells of Leydig 
being reduced in number and showing evidence of nuclear degeneration. The 
basement membrane of the seminiferous tubules appeared thickened and the 
Sertoli cells showed slight degenerative changes. There was reduced sperma- 
togenesis. Figure 4 shows a specimen of the left testicle of Holstein bull H500B. 

Jersey bull J221B showed similar damage to the testicles at slaughter but 
not so severe as bull H500B. The interstitial areas appeared normal. The biopsy 
specimen taken at 16 months was essentially normal. The adrenals, however, 
showed extensive damage (Figure 5). The capsule was thickened, the glomeru- 
losa showed mucoid degeneration with numerous pyknotie cells and the reticu- 
laris was structurally normal except for a slight mononuclear infiltration extend- 
ing from the medulla toward the periphery. The cells of the medulla showed 
pyknosis and mucoid degeneration. The adrenals of H500B and J200B1 showed 


similar but not as extensive degeneration. 

The pituitary body of bull H500B was not available for examination, but 
that of bull J221B showed a few minute cysts in the pars nervosa and the pars 
distalis. A macroscopie eyst was found in the pituitary of bull H503B (Figure 
6) together with cellular changes and destruction that resulted in an estimated 
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Histolgical studies of organs and tissues of experimental cattle normal at 
birth but subjected to low carotene rations before and after birth 





Carotene intake 
of experimental 


animal 














animal gestation Level Period* Observations and remarks 
(y/kg.) (y/kg.) (days) 
Fe males 
J250 50 — last 50 45-— 969 Optic nerve, thyroid, and adrenals normal, 
3.5 months 90 969 — 1,364 microscopic pituitary cysts, inactive 
260 1,364 — 1,865 ovaries. 
J252 50 — last 50 45— 954 Optie nerve, thyroid, pituitary, adrenals 
4.0 months 90 954 —1,204 normal, inactive ovaries. 
Normal 1,204 — 1,529 
J253 50 — last 50 45-— 934 Optie nerve, pituitary, thyroid, and 
4.0 months 90 934-—1,300 ovaries normal, small cyst in right 
130 1,300 —1,327 adrenal. 
J255 50 — last 50 45— 850 Constricted and degenerated optic nerve, 
6.5 months 90 850—1,355 pituitary cysts in pars nervosa, thyroid 
normal, ovaries inactive. 
Males 
J218B 50 — last 50 45-— 498 Optic nerve, pituitary, thyroid, adrenals 
7.0 months normal, reduced spermatogenesis. 
H496B 50 — last 50 45— 552 Optic nerve and thyroid normal, multiple 
5.0 months minute pituitary cysts, reduced sperma- 
togenesis. 

J200B1 50 — last 50 45-— 612 Optic nerve, pituitary, and thyroid 

2.8 months 90 612—1,007 normal, partial invasion of medulla by 

130 1,007 —1,338 cortex, reduced spermatogenesis. 
J221B 50 — last 50 45-— 830 Optic nerve and thyroid normal, minute 
7.0 months G0 830-—1,225 pituitary cysts in pars nervosa and pars 
130 1,225 -1,437 distalis, adrenals show extensive mucoid 
degeneration, mononuclear infiltration, 
zona fasciculata reduced in size, cortex 
invading medulla, pyknosis, reduced sper- 
matogenesis, slight degeneration of semi- 

niferous tubules. 

H557B1 130 — 280 da. 130 45-— 133 Optic nerve, thyroid, adrenals and testicie 
normal, multiple minute cysts in pars 
nervosa. 

J267B1 130 — 275 da. 390 45-— 296 Optic nerve, thyroid, and adrenals nor- 
mal, multiple minute cysts in pars nerv- 
osa, undeveloped testicle. 

H500B 50 — last 50 45— 876 Optic nerve constricted and degenerated, 

6.0 months 90 876-—1,271 pituitary not available for examination, 
130 1,271-—1,481 thyroid normal, some mucoid degenera- 
tion of adrenals with cortex, invading 
medulla, reduced cells of Leydig, degen- 
eration of seminiferous tubules, very lit- 
tle spermatogenesis. 

H503B 50 — last 50 45— 582 Optic nerve, thyroid and adrenals normal, 

3.3 months 90 582-— 977 large cyst on pituitary, only 15% fune- 
130 977 —1,315 tioning, cells of Leydig reduced, tissue 
debris in lumen of tubules. 

J252B1 50 — 272 da. 50 45 - 90 Optic nerve and thyroid normal, cystic 

90 90— 485 pituitary, mucoid cegeneration of ad- 
130 485—1,028 renals with cyst in zona fasciculata, re- 
duced spermatogenesis, partial degenera- 
tion of the seminiferous tubules. 
“Last day of experimental period gives age at slaughter. 
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Fig. 5. Left adrenal gland of Jersey Bull 221B. 


85% loss of functioning. Third generation bull J252B1 showed a cyst approxi- 
mately 40 < 350 involving the pars nervosa and the pars distalis (Figure 7) 
The adrenal gland of this bull showed small cysts in the zona fasciculata and 
mucoid degeneration of the medulla. 

Four second generation low-carotene Jersey cows were slaughtered at 3 to 4 
years of age, three because of failure to conceive and one because of acute mas- 
titis. One cow (J250) showed microscopic cysts in the pars nervosa of the pitu- 
itary body, and another (J253) revealed a small cyst in the medulla of the 





Fig. 6. Cystie pituitary of Holstein bull Fig. 7. Cystie pituitary of third genera- 
503B. tion Jersey bull 252B1. 


right adrenal gland. Cow J255 which had gone blind at 16 months of age when 
receiving the 50 y of carotene per kilogram of body weight daily showed con- 
striction and degeneration of the optic nerve. All four cows’ showed inactivity 
of the ovaries judging from the lack of developing follicles and the small num- 
ber of corpora albicans. The other tissues appeared essentially normal. 


DISCUSSION 


The histological findings in this study are in general agreement with the 
findings of investigators who studied strictly deficient carotene rations (5, 4, 5). 
Apparently 50 y, 90 y, and 130 y carotene per kilogram of body weight supplied 
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to second generation cows on suboptimal carotene intake will not entirely prevent 
degeneration of the optic nerves and development of cystic pituitaries. Calves 
born to these cows, even on a ration of 130 y of carotene per kilogram of body 
weight per day, are apparently subject to disorders associated with low carotene 
feeding. It is possible that the long term exposure of the second generation 
animals to suboptimal carotene intake has detrimentally influenced a presently 
unknown conversion, utilization, or storage factor for carotene and/or vitamin 
A, with the result that the animal is no longer able to utilize the carotene sup- 
plied in the ration. 

The condition of hydrocephalus encountered in five third generation \ow- 
carotene calves seems indicative that deficiency ration may exert some influence 
in produeing this syndrome. Prior to the appearance of this condition in the 
experimental animals, there were no known cases of congenital internal hydro- 
cephalus in the breeding herd from whence these experimental animals came. 
Records over a 25-year period reveal no mention of this condition. The possi- 
bility of hereditary influences can be discounted since members of the milking 
herd with similar ancestry and breeding have produced no _ hydrocephalie 
offspring. 

In the second generation low-carotene bulls, degeneration of the seminiferous 
tubules, reduction of interstitial tissue and cells of Leydig, and reduced sperma- 
togenesis were noted. Cystic pituitaries, showing both macrosecopie and micro- 
scopic cysts, were seen. In three animals (J200B1, J221B1, H500B) a patho- 
logical condition of the adrenal gland was observed. Two third generation low- 
carotene bulls showed small cysts of the pituitary as early as 4 months and 10 
months of age. The bull showing cysts at 4 months received 130 y of carotene 
per kilogram of body weight per day and the other bull received 390 y. This 
suggests that the continued exposure to suboptimal carotene intake influenced 
the physiology of carotene utilization to such an extent that neither 130 nor 
390 y of carotene per kilogram of body weight is sufficient to prevent tissue dam- 
age in the pituitary. It is further suggested that, since many of the calves 
showed damage of the optic nerve as well as of the pituitary gland, the prenatal 
influence on the fetus of suboptimal carotene intake by the dam is of some 
magnitude. Apparently the dam took care of her own needs for carotene before 
those of her fetus. 

The appearance of a pathological condition of the adrenals in some animals 
suggests the possibility that vitamin A and/or carotene deficiency sd affected 
the pituitary that the balance of hormones, particularly the adrenotropic hor- 
mone of the anterior pituitary, was altered enough to bring about degenerative 
changes in the adrenals. ; 

Based upon the conditions of this study and the results obtained, it would 
appear that recommended vitamin A and carotene allowances for dairy cattle 
may require modification in the light of the duration of exposure. The data 
presented lead to the conclusion that long-time feeding of suboptimal or deficient- 


carotene rations has detrimental effects on the structures of certain tissues and 
organs, resulting in a loss of reproductive efficiency and viability. 
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SUMMARY 

The feeding of suboptimum carotene rations for two or three generations 
resulted in abnormal reproductive behavior and often in damage to the pituitary, 
adrenal, and sex glands of the later generation animals. 


Third generation calves dead at birth or blind, weak, and dying, or killed 
shortly after birth usually showed constriction and degeneration of the optic 
nerve and a hydrocephalie condition. 


It would appear that the recommended carotene allowances for dairy cattle 
are too low if continuously fed beyond one generation. 
(1 
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RELATIVE VALUE OF CAROTENE FROM ALFALFA AND VITAMIN 
A FROM A DRY CARRIER FED AT MEDIUM TO HIGH 
LEVELS TO HOLSTEIN CALVES! 
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Using a group of forty-eight 63-day-old male calves, the authors set out 
to determine quantitatively the relative value of carotene froin alfalfa and 
of vitamin A from a dry carrier, fed at medium to high levels. Blood and 
liver concentrations of vitamin A and vitamin A depletion time were used 
as criteria. Editor. 











Both the minimum vitamin A and provitamin A, carotene, requirements of 
calves have been well established (4, 14, 15). These have been based on intakes 
of vitamin A or carotene to maintain satisfactory growth or prevent the oceur- 
rence of night blindness, squamous metaplasia in the parotid gland or duct, 
papillary edema, or increased spinal fluid pressure. It has been recognized that 
these vitamin A or carotene requirements based on the above criteria do not 
permit appreciable vitamin A storage in the dairy calf. Although there was 
little conerete evidence in favor of feeding higher levels of vitamin A or earo- 
tene than necessary for normal growth or prevention of deficiency symptoms, 
the feeding of high enough levels of vitamin A and/or carotene to provide 
sufficient vitamin A storage has been indicated for the purpose of eliminating 
deficiencies during subsequent periods of low intakes of these substances and/or 
poor absorption due to scours (5, 16). These were possibly some of the reasons 
that the National Research Council’s Recommended Allowance (11) for carotene 
was approximately 2.0 to 6.0 times greater than the minimum reqiirements 
established for dairy calves on the basis of normal growth and prevention of 


deficiency symptoms. 
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The present investigation was undertaken to determine quantitatively the rel- 
ative value to the Holstein calf of carotene from alfalfa, and of vitamin A from 
a dry carrier, fed at medium to high levels, employing as criteria, primarily, 
blood and liver concentrations of vitamin A and vitamin A depletion time. 


EXPERIMENTAL PROCEDURE 


Animals and rations. Forty-eight 1-day-old male Holstein calves obtained 
from various Connecticut state institution herds during the period of September 
to December, 1954, were placed in individual tie-stalls at the University research 
barn. On arrival, each calf received a 500-mg. oblet of chlortetracyeline? and 
200,000 U.S.P. units of vitamin A in the form of fish liver oil.* Calves nursed 
their dams for 24 hours or received 8.0 lb. of colostrum during this period. 
Thereafter, each calf received approximately 174 lb. of milk to the 35th day 
of age, up to 3.0 lb. per day of a standard calf starter and ad libitum hay 
chopped to !4 in. in length (14). The hay graded on the average U. S. No. 1.3 
alfalfa heavy grass mixed and had 61.3% color. The botanical composition was 
1.2% foreign material with the remainder 57.0% alfalfa, 3.3% clover, and 
39.8% grasses. 

On the 64th day of age, each calf was fed an intake of a vitamin A deple- 
tion ration (/4) to give an anticipated 7-day increase in live weight of 10 Ib. 
This ration allowance was continued until each calf was slaughtered at the 
completion of the carotene or vitamin A feeding period or was removed from 
experiment at the completion of the final depletion period. When the blood 
plasma level of vitamin A for each calf had decreased to, or less than, 10 y/100 
ml., the depletion ration was supplemented with one of three levels of carotene 
from artificially dehydrated alfalfa leaf meal* or one of three levels of vitamin 
A from a dry earrier.° The carotene levels were 60, 180, and 540 y per pound 
of live weight per day; the vitamin A levels were 5.5, 10.8, and 21.0 y. The 
levels of carotene were chosen on the basis of the National Research Council 
Recommended Allowance (11) of 60 y, and this level increased geometrically 
by a factor of 3 so that a range covering medium to high levels of carotene 
intake was insured. The levels of vitamin A were calculated from previous 
data (14) to give approximately equivalent responses to those anticipated for 
the chosen carotene levels. The first six calves to arrive at the research barn, 
replicate 1, were assigned to one of the six treatments according to a previously 


* Lederle’s Aureomycin, supplied by the Lederle Laboratories, Pearl River, N. Y., through 
the courtesy of Dr. Ralph Elliott. ; 

The fish liver oil contained 25% by weight of crude soybean lecithin and 25,000 U.S.P-. 
units of vitamin A per gram. It was supplied by the Nopeo Chemical Co., Harrison, N. J., 
through the courtesy of Dr. Melvin Hochberg. 

‘ Artificially dehydrated alfalfa leaf meal was obtained from the National Alfalfa Dehy- 
drating and Milling Co., Kansas City, Mo.; it contained no additives, such as antioxidants 
or oils. 

Dry carrier of vitamin A was obtained from the Nopeo Chemical Co., Harrison, N. J. 
It was NOPCAY ‘‘10’’ Type IV from Lot No. V3587, a mixture of naturally oceurring 


vitamin A esters on a dry carrier. 
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randomized allotment. This procedure was repeated until eight replicates of 
six calves each had been assigned to their respective treatments. The average 
age at the start of the carotene or vitamin A supplement feeding, the comparison 
period, was 78.2 + 1.5 days. The duration of the comparison period was for 
each calf 12 successive 7-day age intervals. 

At the completion of the comparison period, the calves in the even numbered 
replicates were slaughtered. Those in the odd numbered replicates were con- 
tinued on the depletion ration without carotene or vitamin A supplement until 
each calf’s blood plasma vitamin A level decreased to less than 4.0 y/100 ml. for 
two consecutive 7-day intervals. This final depletion period was for the purpose 
of observing body stores of vitamin A (10). 

Calculation of the amount of supplemental carotene or vitamin A to be fed 
to each calf and its incorporation into the vitamin A depletion ration was 
identical to procedures used previously (14). 

Calves were exposed to artificial light only from 6 A.M. to 6 P.M. daily. 
Average intensity at a height of 48 in. in the center of each calf stall was 9.3 + 
3.3 foot-eandles during the comparison period and 6.4 + 3.3 during the final 
depletion period. Average daily minimum and maximum barn temperatures 
with their standard deviations were 55.0 + 5.4° F. and 64.8 + 7.0° F. for the 
comparison period and 60.0 + 6.1° F. and 72.1 + 6.4° F. for the final deple- 


tion period. 





Observations and analyses. All feeds fed and refused were weighed to the 
nearest 0.1 lb. Live weights to the nearest pound were recorded on the seventh 
day of successive 7-day age intervals for each calf, as well as height at withers, 
heart girth, and circumference of barrel to the nearest 14 in. at the beginning 
and completion of the comparison period. Venous blood samples for plasma 
carotenoids and vitamin A determination by the Kimble procedure (3) were 
obtained by puncture of the jugular vein on the fourth and seventh days of 
each calf’s 7-day age intervals during the initial-depletion period and on the 
seventh day of successive 7-day intervals during the comparison and _ final 
depletion periods. Spinal fluid pressures (72) were observed during the last 
7-day interval of the comparison period. From the calves slaughtered at the 
completion of the comparison period, the liver was removed for carotenoid and 
vitamin A (8), dry matter (2) and lipid (13) analyses. 

Samples of the feeds were taken at successive 4-week intervals during the 
course of the experiment. Samples of the artificially-dehydrated alfalfa leaf 
meal and of the dry carrier of vitamin A were taken at weekly intervals during 
all calves’ comparison periods. These samples were analyzed for proximate 
constituents (Table 1) by A.O.A.C. procedures (2); the alfalfa leaf meal for 
carotene by the official A.O.A.C. method (2) except extraction of the pigments 
employed the alternative extraction procedure of Method II, first action, in lieu 
of hot extraction; and the dry carrier for vitamin A by a modification (1) of 
the A.O.A.C. spectrophotometric method for fish liver oils (2). The alfalfa leaf 
meal contained 0.246 + 0.003 mg. of carotene per gram and the dry carrier, 


2.951 + 0.012 mg. of vitamin A (alcohol) per gram. 
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TABLE 1 


Average chemical composition of feeds 





Per cent of dry matter 











Per cent 
dry Crude Ether Crude Carotene 
matter protein extract fiber N.F.E. Ash (mg/lb.) 
Alfalfa hay 91.03 19.04 2.30 32.72 37.38 8.54 17.28 
chopped + 108° + 0.26 +019 +028 +044 +019 + 4.26 
Calf starter 90.77 19.94 3.22 6.07 63.31 7.43 0.44 
+ 095, +017 +026 +010 + 060 +039 + 0.14 
Vitamin A 90.78 15.65 1.90 13.62 62.08 6.72 0.12 
depletion mixture + 0.73 +031 +010 + 0.89 +090 +017 + 0.02 
Artificially dehydrated 94.26 23.00 3.03 22.69 37.79 13.36 111.63 
alfalfa leaf meal +t +:68N +68 +608 + 16 +ém z= it 
Dry carrier of 95.09 26.02 37.38 0.00 33.51 3.08 —- 
+ iso + 666 —- 


vitamin A +<éa +655 +118 + 060 





“Standard error of the mean. 


Standard procedures (6, 7, 17) were employed in the statistical analyses of 
the data. , 
RESULTS AND DISCUSSION 


Feed consumption, growth, and health. Calves readily consumed their 
allotted amounts of depletion ration or depletion ration plus carotene or 
vitamin A supplement. Thus weigh-backs, which averaged 0.9 days per calf 
during the comparison period, were not a problem in this study nor were they 
related to treatment. 

The average weight of the calves at the start of the carotene or vitamin A 
supplementation, comparison period, was 190 lb., which had a standard devia- 
tion of 22 lb.; height at withers, 34.2 + 1.1 in.; heart girth, 37.7 + 1.9 in.; and 
circumference of barrel, 46.3 + 2.9 in. During the 12-wk. comparison period, 
the average increase in live weight was 148 + 13.5 lb.; in height at withers, 
5.3 + 0.7 in.; in heart girth, 84+ 1.5 in.; and in cireumference of barrel, 
10.9 + 2.7 in. Differences among calves fed different levels of carotene or 
vitamin A or between calves fed either carotene or vitamin A were inappreciable 
and upon statistical analyses were found not to be related to treatment. 

The percentage days free of scours during the comparsion period, 99.6% 
(mean of the are sin \/ % days free of scours, 86.62 + 5.32, transformed back 
to percentage) and the number of treatments necessary when the rectal tem- 
perature was 103° F. or greater, 0.2 (mean of the \/No. of treatments + 14, 
(0.81 + 0.21, squared minus one-half) were not related to treatment. The average 
spinal fluid pressure at the completion of the comparison period was 96 + 9 mm. 
H.O. Of possible interest was the observation that the magnitude of the spinal 
fluid pressure tended to be slightly greater in the calves receiving the lowest 
intakes of vitamin A or carotene. It should be noted, however, that pressures 
below 90 mm. of water were not measurable by the method used (12). 

Plasma and liver carotenoid and vitamin A concentrations and vitamin A 
depletion time. Blood plasma carotenoids (Table 2) increased at diminishing 
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TABLE 2 
Effect of level of carotene or of vitamin A intake on plasma carotenoids and 
plasma vitamin A of Holstein calves 





Plasma vitamin A“ 
. e 
Comparison 
Comparison period period 





Plasma carotenoids * 








Initial Actual Log” Initial Actual 








(¥/100 ml. plasma) — 





Carotene intake 


60 ¥ 4 32 1.614 8.6 18.7 
180 y 10 63 1.846 ven 22.9 
540 ¥ 5 111 2.044 8.6 27.2 

Vitamin A intake 
5.5 7 2 1.085 9.6 12.5 
10.8 ¥ 7 2 1.065 7.9 17.4 
21.04 4 1 1.023 8.9 25.3 
Standard deviation of a calf 4 _— 0.081 | Peg 3.2 
Rate of linear change per 
log-log (10 times y intake) 
Carotene — _ 3.3636 _— — 
+0.3166° 
Vitamin A — — - 0.4904 — — 
+0.3213 
Rate of linear change per 
log (vy intake) 
Carotene — — _— - 8.8588 
+ 1.7035° 


os 22.0169 


Vitamin A — ee 
+ 2.7822 





* Eight calves per intake group, data for the comparison period during which carotene or 
vitamin A was fed. 

> Log (7/100 ml. plus 10). 

“Standard error of linear rate of change,sp. 


rates with increasing carotene intakes from artificially dehydrated alfalfa, and, 
as expected, slight but inappreciable depression occurred in plasma carotenoids 
with increasing vitamin A intake. Blood plasma vitamin A also increased at 
diminishing rates with increasing carotene or vitamin A intake. Liver carote- 
noids, liver vitamin A, and vitamin A depletion time (Table 3) increased propor- 
tionally with an inerease in level of carotene intake from artificially dehydrated 
alfalfa. Liver carotenoids decreased and liver vitamin A and vitamin A deple- 
tion time increased arithmetically with increasing intake of vitamin A from the 
dry carrier. Inappreciable differences among levels of carotene or vitamin A 
or between carotene and vitamin A were observed in liver dry matter or liver 
lipids. 

The variances of plasma carotenoids, liver carotenoids, and liver vitamin A 
concentrations tended to increase with increasing intake of carotene or vitamin 
A. Transformation of these criteria to their respective logarithms (base 10) 
resulted in minimal differences among the variances of the intake groups. This 
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Effect of level of carotene or of vitamin A 


TABLE 3 
intake 


vitamin A depletion time of Holstein calves 


on liver carotenoids, liver vitamin A, 


and 





Liver* 





Vitamin 


“ai Vitamin A” 








Carotenoids : 
Dry depletion 
Weight matter Lipids Aetual Log Actual Log time 
(g.) —(g/100 9.) — (y¥/100 g.) (wk.) 
Carotene intake 
60 ¥ 2552 27.5 3.9 96 1.979 287 2.446 4.4 
LS0 ¥ 2616 27.9 3.8 115 2.049 748 2.846 6.9 
540 4 2619 27.7 3.8 226 2.338 1833 3.235 12.6 
Vitamin A intake 
3.9 ¥ 2510 27.4 4.0 26 1.318 101 1.980 2.8 
10.8 4 2426 28.0 3.9 22 1.268 500 2.683 4.4 
21.04 2582 37.7 4.0 28 1.388 1380 3.108 10.3 
Standard deviation 
of a calf 193 0.6 0.3 — 0.207 — 0.174 1.0 
Rate of linear change 
per ¥ intake 
Carotene - - —— — — 0.0166 
+ (.0014‘ 
Vitamin A — — _ —-- = 0.4955 
+ 6.0465 
Rate of linear change 
per log (vy intake) 
Carotene _ . - 0.3768 ‘ - 0.8276 — 


Vitamin A 


+0.1534 


0.1196 


+0.2515 


+0, 


] 


=U 


1293 


9410 
.2120 





‘Four calves per intake group, data for calves slaughtered at the completion of the 
earotene or vitamin A feeding period. 

"Four calves per intake group; data for calves not slaughtered and fed the depletion 
ration until the blood plasma vitamin A level decreased to less than 4 y/100 ml. for two con- 
secutive 7-day periods (10). 


“Standard error of linear rate of change,s». 


confirmed a previous report (9), which dealt with a similar problem in dairy 


calves in which a logarithmic transformation was indicated (6, 7, 17). There- 
fore, in the analysis of variance of these data, the logarithms were used so that 


a}. 

Another problem in the statistical treatment of the data was selection of 
appropriate methods of obtaining linear relationships of the response criteria to 
intake. Since it has been quite well recognized that the magnitude of the response 


the condition of common variance among intake groups would be met (6, 7, 


of either plasma carotenoids or vitamin A concentrations diminished as intake 
of carotene or vitamin A increased, these criteria were fitted on the logarithms 
of the intake. This resulted in essentially linear relationships. Where log plasma 
carotenoid values were indicated, the fitting of these transformed response 
criteria on log-log carotene intake (or on log-log vitamin A intake) resulted in 
linear relationships. Similarly, when log liver carotenoids or log liver vitamin A 
concentrations were used, the fitting of these criteria on log carotene or log 


vitamin A intake maintained the linear relationships. These relationships are 
given at the bottom of Tables 2 and 3. 


In the log (plasma carotenoids + 10), 
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99.99% of the variance attributable to within-carotene levels and 88.62% at- 
tributable to within-vitamin A levels was accounted for by the indicated fune- 
tions under the conditions of this experiment. Similar values for plasma vitamin 
A were, respectively, 99.99% and 98.04% ; for log liver carotenoids, 88.99% and 
33.34% ; for log liver vitamin A, 99.99% and 97.84% ; and for vitamin A deple- 
tion time, 97.90% and 99.65%. 

Relative values of carotene and vitamin A. In Table 4 are given the amounts 


TABLE 4 
Relative value of carotene from artificially dehydrated alfalfa and 
vitamin A from a dry carrier 





Amount of vitamin A from 








Amount of carotene from a dry carrier necessary Ratio of 
artificially dehydrated to obtain equivalent carotene to 
alfalfa fed response to carotene vitamin A 
— (v¥/lb. live weight/day) ——————————__ (ycarotene/y vitamin A) 
Based on plasma vitamin A“ 
60 11.17 5.37 
180 17.37 10.36 
540 27.03 19.98 
3ased on liver vitamin A” 
60 9.91 6.05 
180 14.43 12.47 
540 23.05 23.43 
3ased on vitamin A depletion time ‘ 
60 10.06 5.96 
180 14.08 12.78 
540 26.14 20.66 





“From the relationship x2 = 0.3325 + 0.4024x: in which x.=log (¥ vit. A/Ib. live weight, 
day) and x:i=log (y carotene/lb. live weight/day) from data in Table 2. 

" From the relationship x, = 0.1978 + 0.4264x; in which x,=log (y vit. A/Ib. live weight, 
day) and xs=log (y carotene/lb. live weight day) from data in Table 3. 

* From the relationship xs = 8.062 + 0.0335xs in which xe= (vy vit.A/Ib. live weight/day ) 
and xs = (y earotene/Ilb. live weight/day) from data in Table 3. 


of vitamin A necessary to obtain equivalent responses to 60, 180, and 540 y 
carotene intakes based on plasma and liver vitamin A concentrations and 
vitamin A depletion time. Based on these three response criteria, carotene on 
a weight basis was equivalent to between 1/5th and 1/7th of that for vitamin A 
aleohol when carotene was fed at the 60 y intake level, between 1/10th and 
1/13th for the 180 y intake level and 1/20th to 1/24th for the 540 y intake level. 
These equivalencies extend previous findings, as recently reviewed (14), to 
ranges of carotene and vitamin A intakes which provide storage of vitamin A. 

° These equivalencies were obtained from the response criteria in Tables 2 and 3. For 
example, plasma vitamin A, y, on log (carotene intake), 2, resulted in the linear function 1. 
y = 2.92 + 8.85887 and on log (vitamin A intake), x2, resulted in the linear function 2.) y= 
4.40 + 22.0169x2. Now letting y in 1.) equal y in 2.) and solving for x2, equation 3.) 2:= 
0.3325 + 0.40242. This gives log (vitamin A intake) as a function of log (carotene intake). 
3y substituting appropriate values for carotene intake, 21, values for vitamin A intake, 22, 
then can be determined. 
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Therefore the data give information for ranges of carotene or of vitamin A 
intakes which are likely to be used in practice and include equivalencies for 
the National Research Council’s Recommended Allowance (1/) for carotene of 
60 y per pound live weight per day. 


SUMMARY 


Forty-eight 63-day-old male Holstein calves, previously fed limited whole 
milk to 35 days of age and up to 3.0 lb. of starter and ad libitum chopped 
alfalfa hay, were fed an intake of a vitamin A depletion ration to give an 
anticipated 10 lb. increase in live weight per 7-day period. When the blood 
plasma vitamin A level for each calf decreased to 10.0 y/100 ml. or less, each 
calf was fed in addition to the depletion ration one of three levels of carotene, 
60, 180, and 540 y from alfalfa, or one of three levels of vitamin A, 5.5, 10.8, 
and 21.0 y from a dry carrier, daily per pound of live weight for 12 successive 
7-day age periods. Upon the completion of the supplement feeding period half 
of the calves were slaughtered. The remaining calves were then maintained on 
only the depletion ration until the blood plasma vitamin A level decreased to 
less than 4 y/100 ml. for two consecutive 7-day periods for the purpose of 
observing vitamin A depletion time. The following results were obtained : 


1. Plasma carotenoids and vitamin A concentrations increased at diminishing 
rates with an increase in the carotene intake from artificially dehydrated alfalfa. 
Liver carotenoids and vitamin A concentrations as well as vitamin A depletion 
time increased proportionally with increased carotene intake. 

2. When the calves received vitamin A intake from a dry carrier, inap- 
preciable differences were observed for plasma and liver carotenoid concentra- 
tions. Plasma vitamin A inereased at diminishing rates and liver vitamin A and 
vitamin A depletion time at constant rates with increased vitamin A intake. 

3. From the relationships of plasma and liver vitamin A concentrations and 
vitamin A depletion time with carotene or vitamin A intake, it was found that 
on a weight basis carotene fed at the 60 y intake level was equivalent to 
approximately 1/5 to 1/7th as much as vitamin A (alcohol) ; at the 180 y intake 
level, 1/10th to 1/13th; and at the 540 y intake level, 1/20th to 1/24th. 


ACKNOWLEDGMENTS 


The authors are indebted to B. A. Donohue, F. Kadupski, Mrs. Mae Miller, Mrs. Elaine 
Trantum, and T. Watts for technical assistance during the course of the experiment and to 
H. J. Fisher, Connecticut Agricultural Experiment Station, New Haven, for proximate 
analyses of the feedstuffs. Also, we are grateful for the technical advice and facilities for 
slaughtering of the calves provided by J. A. Christian and N. S. Hale. 


REFERENCES 


(1) AnonyMous. Revised Method for Determination of Vitamin A in Dry Carriers. Code 
VA-65. Technical Service Bureau, Nopeo Chemical Co., Harrison, N. J. 1951. 

(2) ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS. Official Methods of Analysis. 7th 
ed. George Banta Publ. Co., Menasha, Wis. 1950. 











(6) 


(9) 


(10) 


ALFALFA CAROTENE VS. DRY CARRIER VITAMIN A 1573 


AVAMPATO, J. E., AND Eaton, H. D. Comparison of Methods for Estimation of Vitamin 
A in Calf Plasma. J. Dairy Sci., 36: 783. 1953. 

BLAXTER, K. L. The Importance of Fat Soluble Vitamins for Calves. J. Roy. Agr. 
Soc. Engl., 112: 1. 1951. 

BLAXTER, K. L., Aanp Woop, W. A. Some Observations on the Biochemical and Physio- 
logical Events Associated with Diarrhea in Calves. Vet. Record, 65: 889. 1953. 

Buss, C. I. The Statisties of Bioassay. Academic Press Ine., New York. 1952. 

CocHRAN, W. G., AND Cox, GERTRUDE M. Experimental Designs. John Wiley and Sons, 
Ine., New York. 1950. 

Davies, A. W. The Colorimetrie Determination of Vitamin A by Alkali Digestion. 
Biochem. J., 27: 1770. 1933. 

DoLGE, K. L., Rousseau, J. E., Jr. TEICHMAN, R., Eaton, H. D., BEALL, G., Lucas, 
H. L., Jr., AND Moorr, L. A. Relationship of Plasma Carotenoids and Plasma Vita- 
min A to Carotene Intake from Alfalfa in Holstein Calves (Abs.). J. Animal Sci., 
14: 1199. 1955. 

Jacospson, W. C., Converse, H. T., AND Moors, L. A. Effeets of Vitamin A and Carotene 
Intake on Depletion Time of Young Calves. J. Dairy Sci., 32: 418. 1949. 

Loosui, J. K., HurrmMan, C. F., PeTersen, W. E., AND PHILLIPS, P. H. Recommended 
Nutrient Allowances for Dairy Cattle. National Research Council Committee on 
Animal Nutrition, Report, rev. 1950. 

Moorer, L. A., Berry, M. H., aNp Sykes, J. F. Carotene Requirements for the Mainte- 
nance of a Normal Spinal Fluid Pressure in Dairy Calves. J. Nutrition, 26: 649. 
1943. 

Quaire, Mary L., AND Harris, P. L. Chemical Assay of Foods for Vitamiz E Content. 
Anal. Chem., 20: 1221. 1948. 

RoussEAv, J. E., Jr., Earon, H. D., HeLmBotpr, C. F., JUNGHERR, E. L., RoprisH, 8. A., 
3EALL, G., AND Moore, L. A. Relative Value of Carotene from Alfalfa and Vitamin 
A from a Dry Carrier Fed at Minimum Levels to Holstein Calves. J. Dairy Sci., 37: 
889. 1954. 

Rusin, S. H., anp DeRrrrer, E. Vitamin A Requirements of Animal Species. Vitamins 
and Hormones, 12: 101. 1954. 

SeLLers, K. C., AND Epen, E. The Effect of ‘‘ White Scour’’ on the Absorption of 
Vitamin A by Calves. J. Comp. Pharm. Therap., 59: 205. 1949. 

Snepecor, G. W. Statistical Methods. 4th ed. Iowa State College Press, Ames. 1946. 








THE EFFECT OF GLYCEROL LEVEL AND RATE OF FREEZING 
VARIOUS EXTENDERS, ON THE SURVIVAL OF BOVINE 
SPERMATOZOA FROZEN AND STORED AT -79° C.! 


W. M. JONES, J. R. PERKINS, anp D. M. SEATH 


Dairy Section, University of Kentucky, Lexington 


, FOR 





found to produce superior results. Hditor. 





With three different extenders the optimum levels of glycerol and rates 
of freezing were determined for the semen from a Holstein bull for a period 
sufficient to obtain ten usable collections. A 7% glycerol level, the use of a 
chemical—milk extender, and a freezing rate of 2.2°-3.3° C. per minute were 








Much recent research (4, 8, 11, 12) has been conducted to determine the 
optimum conditions for freezing bovine semen. However, many questions re- 


main unanswered. 


Since glycerol has been found to be essential to the survival of spermatozoa 
when frozen, many experiments have been initiated to determine the optimum 
level. Smith and Polge (13) reported a level of 10-15% as giving good survival. 
Later, Polge (10) reported 10% as being more desirable. More recent workers 
(7, 8, 16) have reported levels of less than 10% as being satisfactory. Different 


levels have been reported for different extenders (6, 9). 


In experiments comparing rates of freezing, Smith and Polge found that 
when semen was cooled in 14 stages of 2.5 minutes each, better survival was 
obtained than when cooled at a rate of 1° C. per minute. Graham et al. (6) 
found the optimum rate to be 2° C. per minute to —30° C. and 5° C. per minute 
from —31° C. to -79° C. when heated whole milk was used as an extender. 
Erickson et al. (5) used a cooling rate of 3° C. per minute, and O’Dell and 


Almquist (9) used slower rates of cooling. Williams (17) reported his best 


freez- 


ing rate as 1° C. per minute down to —-15° C. and then at a faster rate to —-79° C. 

Although different combinations of glycerol levels and rates of freezing for 
different extenders have been compared by Dunn and Hafs (3) and by Erickson 
et al. (5), the optimum combinations of these variables have not been definitely 
established. The experiment reported here was initiated to determine the 


optimum levels of glycerol and rates of freezing for three extenders. 


EXPERIMENTAL PROCEDURE 


Semen used in this experiment was collected from a Holstein bull once 
weekly for a period of time sufficient to obtain 10 usable collections. First and 
second ejaculates were pooled in order to have a sufficient quantity of semen. 


Received for publication March 16, 1956. 


* The investigation reported in this paper is in connection with a project of the Kentucky 


Agricultural Experiment Station and is published by permission of the Director. 
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Routine laboratory examinations were made, and only samples with initial 
motility of 50% or above were used. 

Semen suitable for processing was extended at the rate of 1:25 in one-half 
the final volume of each of the three extenders and cooled to 5° C. in 4 hours. 
The yolk-citrate extender was composed of one part egg yolk to four parts 
2.9% sodium citrate. The heated milk was prepared by the method of Thacker 
and Almquist (15). In the preparation of the chemically treated milk extender a 
70‘, solution of thiovanie acid? was diluted 1:100 with 2.9% sodium citrate. 
One ml. of this stock solution was added to each 50 ml. of milk. 

Glycerol was added to one-half of each extender at the rate of 14, 20, and 
30% by volume and allowed to cool to 5° C. over a period of 4 hours. After 
cooling, the glycerolated portion of each extender was added to the part con- 
taining semen in five equal parts at 6-minute intervals. This gave a final dilu- 
tion rate of 1:50 and glycerol levels of 7, 10, and 15%. 

The glycerolated semen was allowed to equilibrate for a period of 18 hours. 
All syringes used in filling and the 1.6-ml. glass ampules were placed in the 
refrigerator at this time so that all equipment coming in contact with the 
semen would be the same temperature as the semen. 

A total of 270 ampules, 10 for each treatment, were filled from each collec- 
tion and sealed with an oxygen—natural gas burner. Each glycerol level within 
each extender was divided into three freezing rates of 1.1, 2.2, and 3.3° C. per 
minute. Acetone was used as the freezing medium, being cooled by manual 
addition of cracked dry ice. After a temperature of —34.4° C. was reached, all 
samples were frozen at the rate of 4.4° C. per minute to —75° C. and then 
placed in trays containing acetone in a dry ice storage box. 

Evaluation of the percentage of motile sperm in the extended semen after 
being frozen and stored for 2 weeks was based on the average of two readings 
from each of three ampules from each treatment. The ampules were thawed 
at 5° CC. Snedecor’s (14) methods were used in determining the statistical 


significance of the treatment differences. 
RESULTS AND DISCUSSION 


Table 1 shows the survival percentage after 2 weeks storage of each of the 
27 treatment combinations. The survival was significantly influenced by glycerol 
level, rate of freezing, extenders, and collections. 

The survival percentage for the treatments containing 15% glycerol were 
so extremely low, averaging 3.3%, that those data were omitted in the analysis 
of variance. As shown in Table 1, the 7% glycerol level averaged 76.9% sur- 
vival compared to 70.6% survival for the 10% level. The difference was highly 
significant. It is of interest that the 7% level gave a higher survival for the 
volk-citrate and heated homogenized milk extenders, whereas the 10% level 
was superior in the chemical milk extender. 

The three freezing rates of 1.1, 2.2, and 3.3° C. per minute gave average 
survival rates of 69.5, 76.5, and 75.5%, respectively. The slowest freezing rate 


* Vacuum distilled thioglyeolie acid available from Evans Chemeties Co. 
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TABLE 1 
Percentage survival of spermatozoa, by treatments, after 2 weeks storage at —79° C. 
(Average for i0 collections) 














Extenders Average 
Glycerol Freezing rate Chemical Heated Yolk Freezing 
level per minute milk milk citrate rate Glycerol 
(%) (%) (%) (%) (Yo) 
7% oe i A 79.2 75.7 70.5 75.1 
2.2° C. 83.0 78.0 74.9 78.6 76.9 
3.3” C. 84.5 78.3 69.0 77.2 
1.1° C. 78.1 65.4 48.1 63.8 
L0% 23°C. 85.1 70.5 67.7 74.4 70.6 
33° C. 84.6 73.3 63.5 73.8 
Average $2.4 73.5 65.6 
12 SC. 0.6 0.5 0.6 0.5 
15% 2.2" C. 0.9 4.6 7.1 4.2 3 
33° C. 0.7 6.5 6.8 4.6 
Over-all average 55.2 50.3 45.4 50.3 





was significantly lower than the two other rates (P < 0.01). No significant 
difference was found between the 2.2 and 3.3° C. per minute rates. 

Chemically treated milk extender resulted in a survival rate of 82.4%, 
whereas the value for heated homogenized milk was 73.5% and for yolk-citrate 
was 65.6%. These differences were highly significant. However, as mentioned 
previously, the values for 15% glycerol were not included. When the 15% 
glycerol treatments are included, the survival percentage is lower, but the ex- 
tenders remain in the same order of desirability. 

In this experiment, with collections corresponding to replicas or trials, a 
highly significant difference was found between the collections from the same 
bull taken on successive weeks. However, some variation in the freezability 
of the various ejaculates was expected. Brugman and Poore (2) had previously 
demonstrated a difference among breeds, bulls within herds, and also ejaculates 
from the same bull. In this experiment the survival percentages for individual 
ejaculates over all freezing rates, all extenders and the 7% and 10% glycerol 
levels varied from 56.5 to 84.4, the average of the ten collections being 74.3. 

Of the interactions studied, only those between glycerol level and extender 
and collection and extender were found to be significant. The interaction of 
collection and glycero! level approached significance at the 5% level. 


SUMMARY 


In a study of sperm survival in three different extenders containing three 
levels of glycerol and frozen at three different rates it was found that a 7% 
glycerol level resulted in significantly higher survival percentage than either a 
10% or 15% level. The 15% level was in no way desirable. A chemical-milk 
extender, with an average survival percentage of 82.4, was superior to heated 
homogenized milk or yolk-citrate. A freezing rate of 2.2°C. or 3.3° C. per 
minute gave significantly higher survival pereentages than a rate of 1.1° C. 


per minute. 
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GESTATION LENGTH IN AN INBRED JERSEY HERD 
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From the records of 427 inbred Jersey cows since 1921 a study was made 
of the nature and causes of variation in gestation lengths. The partitioning 
of genetic from environmental variation and the effects of inbreeding and 
milk production are given particular attention. Fditor. 











The length of a gestation period is determined by numerous factors acting 
and interacting in an intricate pattern. Many studies have dealt with the aver- 
age length of gestation in cattle as it is affected by such factors as breed, family, 
sex of calf, twinning, age of dam, and season. Studies that attempt the quanti- 
tative separation of genetic and environmental factors are less numerous. Among 
the latter are the publications of Diiring (8), Jafar et al. (14), and Brakel et al. 
(2). The last reference includes an extensive bibliography on the duration of 
gestation in cattle. 

The present study was undertaken to obtain further information about the 
nature and causes of variation in gestation lengths; the partitioning of genetic 
from environmental variation and the effects of inbreeding and milk production 


are given particular attention. 


SOURCE OF DATA 


The data for this study are the reeords of 1,353 gestation periods of 427 cows 
of the University of California inbred Jersey herd. The gestation periods used 
were restricted to those ranging from 260 to 301 days and terminating with the 
birth of a single, live ealf. The data were gathered from 1921 to date. The sec- 
tion of the study dealing with the relationships between first lactation and second 
gestation includes the records of 171 cows. 

The general mating plan in this herd has been to mate sire to daughter for 
as long as the sire continued in service and to replace him with a progeny-tested 
son, preferably an inbred son. Deviations from this scheme were necessary, since 
ideal replacement sires were not always available. Although the 427 cows repre- 
sent the daughters of 48 sires, 22 of the sires account for over seven-eighths of 
the data. Four lines were started, but two were later sold because of a shortage 
of funds; finally, the remaining two were merged to form a single closed line. 
In 1946, three bulls related to each other, but unrelated to the herd, were intro- 
duced. Their outcross progeny were used to start a second line related to the 
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remaining original line. Complete genetic covariance charts have been con- 
structed for the herd. Inbreeding coefficients ranged from 0 to 62% and aver- 
aged 19%. 

A conscious effort has been made throughout the experiment to maintain as 
constant an environment as possible from birth through the first lactation. The 
management practices have remained reasonably constant. The only major 
shift was a gradual one from three-times and four-times milking to two-times in 
the late 1930’s. The plane of nutrition has been kept constant; during periods 
of short funds, numbers have been reduced rather than reduce the feeding plane. 
Only single lactation records under reasonably constant environment are avail- 
able for the majority of the cows. Nearly all cows were entered on Register of 
Merit Test for their first lactations. Pasture time has always been restricted 
on the Official Test string in an attempt to reduce variation due to good and poor 
pastures and pasture seasons. Roughage intake has been controlled in order to 
assure a high concentrate intake. On completion of the Official Test record, 
cows are available for use in any experiment or demonstration calculated not 
to interfere seriously with reproductive performance. The plane of nutrition 
is nearly always lower for second and later lactations. Full use is made of avail- 
able pasture in season and maximum roughage intake is encouraged, concentrate 


feeding being somewhat restricted. 


ANALYSIS 
Mean length of gestation. The frequeney distribution of individual gestation 
period lengths for the 1,353 records used in this study is presented in Figure 1. 
These records are uncorrected for sex or calving sequence. The mean length of 
the uncorrected records is 282.7 + 0.15 days with a standard deviation of 5.4 
days. The distribution of cows according to the number of gestation records 
they contributed to this study is given in Table 1. The mean was three gesta- 
tions per cow. 
Brakel et al. (2) point out that in published studies a uniform procedure has 
not been used to calculate the number of days in the gestation period. The method 
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TABLE 1 
The percentage distribution of the 427 cows according to the number of 
gestation records they contributed 








Number of gestation records per cow 
1 2 3 4 5 6 7 Sto13 





Percentage of cows in each 
gestation frequency class 24 23 17 14 7 7 5 3 





used here is that of the above authors, i.e., the day the calf was born is counted 
but not the day of last service. Brakel et al. list nine studies in which the aver- 
age gestation period for the Jersey is reported to be 277.9 to 284.3 days. For 
their own study, based on 249 records, they report an average length of 277.9 + 
0.38 days with a standard deviation of 5.9 days. The difference of 4.8 days be- 
tween the above-mentioned study and the present one has a standard error of 
+ 0.41 days, an indication that the two samples are not from the same popula- 
tion of cattle. Only two other studies report average gestation lengths of over 
280 days for the Jersey. Fitch et al. (9) and Herman et al. (11) reported means 
of 284.3 and 280.4 days, respectively. Fitch et al. included both the day of serv- 
ice and the day of birth in ealeulating average length, but Herman ef a/. did not 
include the day of service. Copeland (3) gives what is probably the best esti- 
mate of gestation length for the Jersey breed. His sample of 1,075 gestation 
records came from calving affidavits sent to the cattle club after the completion 
of Register of Merit records. Probably a fairly large number of herds is repre- 
sented, and all cows must have met the minimum production entry requirements. 
The average gestation length was 278.51 days. His method of calculating length 
is that of the present study. His data included periods ranging from 228 to 312 
days. The elimination of the 19 records in Copeland’s study that were under 
260 days would not raise the average gestation length over 279 days. The differ- 
ences between the averages discussed above are similar to those found by Ward 
and Castle (37), who report significant differences in gestation lengths of dairy 
eattle between three districts of New Zealand. Ward and Castle, however, make 
no mention of breed. 

Sex and calving sequence. Variations in sex of calf and age of dam as meas- 
ured by calving sequence were studied as possible contributing sources of varia- 
tion in gestation length. Calving sequence was classified into seven classes start- 
ing with ‘‘1’’ and ending with ‘‘7 and up.’’ Calving sequence 1 refers to a cow’s 
first calving, calving sequence 2 to second calving, ete. By using the method of 
expected subclass numbers (32) the following analysis of variance was made : 


Source of variation Degrees vf freedom Mean square 
Sex 1 1,181.93" 
Calving sequence 6 20 oo 
Sex X calving sequence 6 24.21 
Within subclasses 1,082 26.14 


**Significant at the 1% level. 











GESTATION LENGTH IN INBRED JERSEYS 1581 


The analysis yielded the following correction factors. Male calves were car- 
ried 2 days longer than female calves. First calves were carried 1.3 days less 
than second calves; second calves were carried 1.2 days less than third calves. 
There were no significant differences nor was there any trend among calving 
sequences 3 and up. The age of cow at first calving was about 26 months. 

Year and season. Some information regarding possible year and season effects 
on gestation length was considered necessary. To avoid confounding sire differ- 
ences with such effects, an analysis on an intrasire basis was carried out. The 
sire with which the largest number of data was associated was chosen for the 
analysis. This sire produced 204 offspring during a 6-year period. The seasons 
used were the four conventional calendar seasons. Prior to this analysis the 
data were adjusted for sex and calving sequence effects. In a least squares 
analysis the linear model contained variables for year, season, vear X season 
interaction, inbreeding of calf, and inbreeding of dam. 

Year X season interaction was significant at the 1% level of probability. Sinee 
interaction proved significant, the main effects were tested in an analysis by 
using the method of weighted squares of means (Snedecor, 31). This method 
gives unbiased estimates and tests of the main effects if interaction is present. 
Neither year nor season effects proved significant. The F values in each case 
were less than unity. The results of the analysis imply the existence of short- 
term time trends not associated with season. No appropriate method of adjusting 
the data for such effects is apparent. 

In addition to the above analysis, which dealt with only the offspring of a 
single bull, all of the data were analyzed for possible month and season effects. 
Monthly and seasonal averages are presented in Table 2. As previously stated, 
these data were adjusted for sex and calving sequence to a male calf—mature dam 
equivalent. The analysis of variance presented in Table 3 indicates that seasonal 
differences do not contribute to variation in gestation length. 

TABLE 2 


Average gestation length according to month and season of calving" 




















Number of Monthly Seasonal 
Month cealvings average average 
(days) (days) 
December 99 285.0 
January 117 284.8 284.6 
February 133 284.3 
Mareh 150 285.0 
April 119 284.0 284.5 
May 114 284.3 
June 118 : 284.0 
July 110 284.9 284.2 
August 100 283.8 
September 100 285.0 
October 115 284.4 284.7 
November 78 284.6 
Total 1,353 284.5 





‘Gestation lengths adjusted to a male calf, mature dam equivalent. 
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TABLE 3 


Analysis of variance of gestation length for month and season of calving 








Seurce of variation Degrees of freedom Mean square 








Seasons 3 5.79 
Months within seasons 8 26.57 
341 27.43 


Within months Lk, 





Inbreeding. A study was made of the relation of inbreeding of calf and in- 
breeding of dam to gestation length. Data from 1,236 calves sired by 22 bulls 
were analyzed. The inbreeding of the calves and of their dams is distributed 


as follows: 


Coefficients of 0 7 14 22 29 36 43 50 57 
inbreeding (in to to to to to to to to to 
percentages ) 6 13 21 28 35 42 49 56 63 


Percentage 
of calves a4 129 26 6s 9.0 8.5 4.6 1.6 0.5 


Percentage 


of dams 52.8 14.1 10.8 13.5 3.9 3.1 1 | 0.6 0 


The average inbreeding of the calves is 18.7% and that of their dams is 10.5%. 
The latter average is weighted according to the number of calves a dam produced. 

Intrasire partial regression coefficients of gestation length on inbreeding of 
dam and on inbreeding of calf were calculated. The model used was: 


Yi=p a bX ij a CZ ij vT Ci; 


where Y;; = gestation length associated with the jth calf of the ith sire, 
» = an effect common to all the gestation lengths, 
Aj; = inbreeding of the dam of the jth calf of the ith sire, 
Zi; = inbreeding of the jth calf of the ith sire, and 
ei; = the difference between the observed and expected gestation 
length of the jth calf of the ith sire. 


The following hypotheses were tested: 





Hypotheses Sample Critical levels 
tested F of F Comments 
KF i 
0.05 0.01 
b=c¢,=0 1.70 1.39 1.59 Hypothesis rejected 
c¢=0 1.38 1.55 1.85 Hypothesis not rejected 
b=0 1.95 1.55 1.85 Hypothesis rejected 
b,=b 3.15 1.55 1.85 Hypothesis rejected 
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The common intrasire partial regression coefficients of gestation length on 
inbreeding of dam and on inbreeding of calf, respectively, are b = 0.029 and 
c = 0.020. The fact that b is positive shows that in general the more inbred the 
dam is, the longer she carries her calf. However, the rejection of the hypothesis 
b; = b implies that the magnitude of the effect of inbreeding of the dam varied 
significantly among the groups of dams mated to the 22 sires. 

Partitioning of variance. In partitioning the phenotypic variance of a trait 
into genetic and environmental components of variance, it is necessary to set 
up various sorts of families, e.g., paternal half-sib families, maternal half-sib 
families, full sibs, ete. More generally for the purpose of genetic analysis a fam- 
ily may be quantitatively described by the average genetic relationship between 
members of the group called a family. In a random breeding population, or in 
one divided into distinct unrelated inbred lines, the various intra- and inter- 
class correlations associated with the different types of families can, with the 
knowledge of the relationship within the families, be used in deriving estimates 
of the genetic and environmental components of phenotypic variance. 

The data in the present study are obtained from an inbred herd in which 
family lines are far from distinct; that is to say, families of paternal half-sibs 
are related in varying degrees to each other. The same holds true for maternal 
half-sib and full-sib families. The effective genetic relationship (7) between 
members of the same family in such a situation Wed as S ~ , Where r, is the rela- 

— we 
tionship within the family and 7; is the relationship between families (Lush, 25). 
To find 7; in this case would be difficult. It was therefore decided to work with 
pooled estimates of variance within families. Table 4 presents these estimates 
along with their theoretical composition. 

For each type of family, a, the coefficient of the G term is (1 + f — cov) where 
f = average inbreeding of calves in the family and cov is the average covariance 
(the numerator of the coefficient of genetic relationship) between family members. 

TABLE 4 


Pooled estimates of within family variances and their theoretical composition 

















Pooled 
Degrees estimate 
Total of of within Theoretical composition 
Type number of freedom family of within-family variance* 
of calves for variance 
family involved o* o aG+E+8Gp+M 
7 
Paternal 
half-sib 950 760 20.89 : 0.60G + E + 0.68 Gp + M 
Maternal 
half-sib 332 166 , 18.24 = 0.65G + E 
Full sib 728 364 16.26 = 0.44G + E 
Non-sib 970 776 26.34 = 0.96G + E +0.89Gp + M 





“G= Component of variance due to additive genetic differences between calves. 

Gp = Component of variance due to additive genetic differences between dams. 

M = Component of variance due to permanent differences between dams other than those 
included in Gp. 

E = Component of variance due to unanalyzed residual effeets. 
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The coefficient of the Gp term, B, is (1 + f’ — cov’) where /’ = average inbreeding 
of the dams producing the calves of a family and cov’ is the average covariance 
between such dams. Dickerson (7) discusses the theory relevant to deriving 
coefficients of this type. 

The manner in which the equations in Table 4 were obtained is illustrated below 


for the ease of paternal half-sib families. 


Estimated within Theoretical composition 








Family family varianee of within family variance 
1 ol? aj, G+ E + BiGp + M 
= o 22 ae G 6 E — B2Gp a M 
3 o 3- ag G+ E i BsG@p + M 
i o od aj G+ E uo BiGp 7 M 
N o N* ayG + E+ ByGp+M 
N 
sai? 
r=jt=] 
N 
N N 
a G , E a BGp 2 M = a at G + E — 3 Bi Gp + M 
/ gal r=! 
N N 


All families used within a given type of family had equal numbers. This 
qualification was felt desirable since it was necessary to average the oi? and 
the ai and i. If the families had varied widely in number, it would have been 
difficult to weight the ai and Bi properly in the averaging process since their 
distribution functions are not known. In paternal half-sib families the sire 
family used contained five members. A paternal half-sib family larger than 
five was divided into families of five by random selection. Non-sib families also 
contained five members. Non-sib refers to a family of calves in which no two 
calves have a parent in common. Full-sib families and maternal half-sib families 
contained two members each. The family sizes chosen enabled the use of the 
most data subject to the restriction that all families of the same type have 


equal numbers. 

The solution of the four simultaneous equations in Table 4 is G = 9.43, FE = 
12.11, Gp = 9.81, and M =-3.55. Since a variance cannot be negative, our best 
estimate of M is that it equals zero. 
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Interrelationships between gestation length and performance. The interre- 
lationships studied were those between the duration of gestation and FCM yield, 
body weight, body weight change during lactation, length of dry period, length 
of period from service to conception, and length of the period during which 
lactation and gestation overlapped. There were 171 cows whose records included 
the following necessary data: (a) monthly body weight records, (b) an ROM 
test in the first lactation, and (c) a normal second gestation. Gestation length 
was corrected to a male basis. These cows calved at an average age of 26.5 
months for their first lactation. This part of the study deals with data pertaining 
to the first lactation and the second gestation. 

One objective was to determine to what extent the work a cow did during 
lactation might affect the length of the gestation period. Milk production, the 
major energy expenditure, was expressed on the constant-energy basis of FCM 
(10). Records were not adjusted for frequency of milking, which was two times 
and three times, or for age at first calving. The majority of the records covered 
305 days; shorter records were not extended, but a number of longer records 
were cut off at 305 days. The average production for the sample was 9,136 Ib. 
of FCM. Body weight was estimated from the monthly weight taken just before 
first calving; this averaged 915 lb. Body weight change was estimated by the 
slope of the line fitted to the six monthly body weights following the first full 
month after calving. The average monthly change was a gain of 11 lb. In 
calculating the length of time that first lactation and second gestation over- 
lapped, the time from conception to the date of drying off was used. The mean 
length was 150 days. The average length of time from first service in the second 
reproduction cycle to conception was 51 days. This ranged from 0 days for 
cows conceiving at first service to an extreme of 302 days for one cow bred 
repeatedly until she conceived. There was no significant correlation between 
this measure of fertility and FCM yield or inbreeding of the cow in this sample. 
However, only cows that had a normal second gestation period are included. 
Assuming a 21-day estrous eyele, the 51-day mean period would indicate about 
2.4 services per conception for these 171 cows. 

The regression of FCM yield on inbreeding as shown in Table 5 indicates a 
highly significant reduction in yield of some 50 lb. FCM per unit increase in 
inbreeding. Likewise, the reduction of nearly 3 lb. in body weight for each 
per cent increase in inbreeding is highly significant. 


TABLE 5 
Regression coefficients of FCM production, body weight, and gestation 
length on inbreeding, and of gestation length on FCM production 





Variables measured / 
—— —_——— —— . Regression of 





bg xX Y on X 
FCM (lb.) F of cow (%) — 49.7 + 14.9 lb.** 
Weight of cow (/b.) F of cow (%) —- 292 oa” 
Gest. length (days) F of cow (%) + 0.06 + 0.030 days* 
Gest. length (days) FCM (100 Ib.) + 0.03 + 0.015 days* 





* Significant at the 5% level. 
** Significant at the 1% level. 
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TABLE 6 
Correlatior, and partial correlation coefficients involving gestation 
length, performance traits, and inbreeding of cow 





Variables 





Y = Ixy Ixy. F 
Gest. length FCM yield + 0.15* + 0.19" 
Gest. length Weight of cow ~ 6.16" - 0.11 
Gest. length Weight gain - 0.01 - 0.01 
Gest. length Service to conception + 0.07 + 0.06 
Gest. length Overlap gest.-lact. — 0.06 — 0.06 
FCM yield Overlap gest.-lact. + 0.01 t+ 0.01 
FCM yield Service to conception + 0.10 + 0.12 
FCM yield Weight gain ~le - 0.18* 


* Significant at the 5° level. 
‘Ixy .e = partial correlation with inbreeding of cow held constant. 


Correlation coefficients between the several variables considered and the 
partial coefficients where inbreeding effects are held constant are give in Table 6. 


DISCUSSION 


Year and season. Analyses of variance indicate that neither yearly nor 
seasonal differences affected the variation in gestation length. However, a 
statistically significant vear X season interaction suggests the existence of short- 
term time trends not associated with season. Such short-term trends may reflect 
the effect of uncontrolled management procedures that operated on the cows’ 
pregnancy durations through complex mechanisms of the sort to be discussed 
in the section dealing with interrelationships between gestation length and 
performance. 

Brakel et al. (2) in their extensive bibliography on gestation length include 
several studies that deal with the effect of season on gestation length in the 
bovine. In general, the results are negative or indicate some slight effect usually 
not at a level of statistical significance. In concert, the results do not fit into a 
marked pattern such as Howell and Rollins (72) report in a study of the horse. 
Brakel et al. (2), in their own study, report a highly significant difference (2.07 
days) between spring and autumn calvings. Jafar et al. (14), in their study 
of Holsteins, found no effect of yearly or seasonal variation on gestation length. 

In the bovine, the so-called seasonal effect is apparently confounded with the 
effect of other variables not integrally related to season. For the horse, Howeil 
and Rollins (12) present evidence showing seasonal effect on gestation length 
to be independent of the mare’s level of nutrition. 

Inbreeding. The effect of inbreeding of the dam on gestation length was 
analyzed by estimating partial regression coefficients within groups of dams 
mated to 22 different sires, with inbreeding of the calf held constant. This set 
of partial regression coefficients was statistically significant at the 1% level of 
probability. However, they were not homogeneous. That is to say, the hypo- 
thesis that they were all estimates of the same parameter was rejected at the 
1% level of probability. A possible explanation of this lack of homogeneity 


is that some other variable is involved in a cause-and-effect network with 
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inbreeding of dam and gestation length. Later in the discussion of interrela- 
tionships between gestation length and performance, evidence is presented 
regarding a complex of this type involving lactation of the dam. There it is 
shown that inbreeding of dam is negatively correlated with lactation; that 
lactation is positively correlated with gestation length; and that gestation 
length is positively correlated with inbreeding of dam. 


The effect of inbreeding of the calf on gestation length was found to be not 
statistically significant. However, the relation of variation in birth weight to 
this effect merits investigation. Several studies have shown birth weight to be 
negatively correlated with inbreeding of calf and positively correlated with 


gestation length (2, 5, 28, 39). 


With these data am intra-sire intra-year covariance analysis of inbreeding 
of dam, inbreeding of calf, gestation length, and birth weight was made. The 
records involved information on 680 calves sired by 13 bulls. The partial regres- 
sion coefficients of birth weight (in pounds) on inbreeding of calf and gestation 
length were —0.061 + 0.028 and 0.360 +: 0.054, respectively. Next, an analysis 
of the same set of data was made with gestation length as the dependent variable 
and inbreeding of dam, inbreeding of calf, and birth weight as the independent 
variables. The partial regression coefficients of gestation length on inbreeding 
of calf and on birth weight were —0.015 + 0.020 and 0.181 + 0.027, respectively. 
These imply that the lack of a relation between inbreeding of calf and gestation 
length is not due to a confounding of the effects of joint variability of gestation 
length, birth weight, and inbreeding of calf. Jafar eft al. (14), in studying 
Holsteins, found no statistically significant effect of inbreeding of calf or in- 
breeding of dam on gestation length. 


Thus it appears that, although the inbred calf is smaller at birth and less 
viable than the non-inbred (27), its inbred condition does not affect the mech- 
anism that induces parturition. 

Partitioning of variance. The phenotypic variance (after adjusting the rec- 
ords for variation due to sex and calving sequence differences) was partitioned 
into the following components expressed as percentages: G = 30, Gp = 31, MV = 
0, and HE = 39. These symbols are defined in Table 4. Because of analytical 
complications arising from the relationship between inbred families, no attempt 
was made to estimate a component of variance associated with dominance devia- 
tions from the additive genetic scheme. Jafar ef al. (14) in their, study of 
Holsteins, working with records adjusted for sex and calving sequence, estimated 
that 48% of the phenotypic variance was due to differences in the genotypes of 
calves. This was broken down as follows: 32% due to differences in additive geno- 
types and 16% due to dominance deviations from the additive genetic scheme. 

Taken at its face value, the estimate that 16% of the phenotypic variance 
is due to dominance deviations from the additive genetic scheme implies that 
inbreeding of the calf should have some effect on gestation length. Inbreeding 
of the calf was found to have no statistically significant effect on gestation length 
in either Jafar’s study or the present one. In the former study, the partial 
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regression coefficient of gestation length on inbreeding of calf with inbreeding 
of dam held constant was —0.01 and in the latter it was +0.02. 

In the present study, 31% of the phenotypic variance is attributed to per- 
manent differences between dams (Gp = 31). These differences are of an additive 
genetic kind. No dam differences of a permanent non-genetie type were found 
(M=0). Jafar et al. (14) estimate 6% of the phenotypic variance to be due 
to additive genetic differences among dams and 15% to a combination of dom- 
inance deviations and permanent environmental causes effective directly through 
the dam. In the present study no attempt was made to estimate the magnitude 
of the effect of the dam’s dominance deviations from the additive genetic scheme. 
The existence of such dominance effects would be compatible with the statisti- 
eally significant effect of inbreeding of dam on gestation length that was found. 

Heritability estimates of gestation length for cattle, sheep, and horses fall 
in the intermediate range of about 30% to 50%. The magnitude of the herita- 
bility estimates clearly answers affirmatively the old question: Does the sire 
influence the length of time his offspring is carried in utero? 

Table 7 presents estimates of heritability of gestation length for cattle, 
horses, and sheep. 

TABLE 7 


Estimates of heritability of gestation length in cattle, horses, and sheep 





Approx.  Herita- 



































number bility 
of animals estimate 
included 

Authors Breed in study (%) Comments 
Rollins Jersey 1,000 30 Data adjusted for sex and calving sequence differ- 
et.al. cattle ences prior to estimation of heritability. 
(present 
study ) 
Jafar Holstein 350 32. Same as above. 
et.al. cattle 
(1950 
Diiring Swedish 900 43  Caleulated as 4x paternal half-sib correlation on 
(1937 Friesian basis of material obtained from analysis of vari- 

cattle ance tables given in the author’s paper. 
Brakel Ayrshire 100 64 Based on 2x offspring dam correlation given by 
et.al. cattle pairs the authors in their paper. 
(1952 : ee — 

Jersey 100 40 Same as above. 

cattle pairs 
Rollins Arabian 190 36 Data adjusted for effects of season of breeding 
et.al. horse and level of nutrition of the mare prior to estima- 
(1951 tion of heritability. 
Mauch Arab, 1,500 27 Data not adjusted for season effeets—an im- 
(1937 Lipizzanser, portant source of variation. Heritability estimate 

Gidran, and (4x paternal half-sib correlation) based cn data 

Nonius presented in the author’s paper. 

horses“ 
Terrill Rambouillet 1,600 30 Data adjusted for tangible environmental effects 
et.al. sheep to prior to estimation of heritability. 


(1947 40 








‘ All of these breeds of light horses founded on Arab blood. 
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Age of dam. A review of the literature leads to the conclusion that the 
variation in gestation length resulting from variation in age of dam, considered 
as a property of aging per se, is at most relatively small compared with the 
variation induced by the range of environments to which cattle are exposed. 

The strongest suggestion of an age-of-dam effect is that first-calf heifers 
carry their calves for a shorter period than do older cows. Although this result 
is not universally reported, it is found in a number of studies, five of which 
contain 1,200 to 10,000 records (2, 11, 13, 14, 16, 22). Other studies, two of 
which contain about 1,000 records each, report that there is no difference in 
performance between these two age classes (3, 15, 17, 18, 19, 38). None of the 
studies reviewed reported that first-calf heifers carried their calves longer than 
did older cows. 

Age-of-dam effects are statistically highly significant in the present study. 
The mean gestation length for the first calving sequence was 1.3 days shorter 
than for the second. Second calves were carried 1.2 days less than third calves. 
There were no significant differences nor was there any trend among calving 
sequences 3 and up. These apparent age-of-dam effects may be largely a result 
of herd management. This hypothesis will be developed in the next section. 

Interrelationships between gestation length and performance. Conditions of 
stress brought about by decreased food intake or other adverse environmental 
changes may lengthen gestation. Howell and Rollins (72) found that the gesta- 
tion period of horses on a lowered plane of nutrition was lengthened 4 days. 
They cite the papers of two German workers who observed similar effects of 
lowered feed intake in horses. Kment (20) and Ineichen (13) both state that 
poor conditions of feeding and management or severe weather definitely lengthen 
the gestation period of cattle. 

The cows in the present study were raised on a high plane of nutrition. 
They received some 7 to 8 lb. of barley per day in addition to good alfalfa 
hay from 12 months of age to first freshening at about 26 months. They con- 
tinued to be fed heavily during their first lactation. After completing their 
first record, they were placed on a considerably lower and more variable plane 
of nutrition for the remainder of their productive lives. Thus, their first gesta- 
tion proceeded while the animals were on a relatively high plane of nutrition. 
The second calf was carried an average of 150 days during first lactation. Most 
cows were shifted to a lower plane of nutrition at the end of their first lactation. 
Because of this management policy, it was believed that the length 6f time the 
first lactation and second gestation periods overlapped might have an effect on 
gestation length. However, a statistically nonsignificant correlation of —0.06 
was found between gestation length and this overlap period (Table 6). The 
partial correlation holding FCM yield constant was also —0.06. The length of 
the overlap period is determined jointly by the management policy for a herd 
and the fertility of the cows and the sires to which they are bred. Early 
rebreeding after first calving, plus high fertility, lengthens this period. Since 
inbreeding had little effect on fertility as measured here, it likewise had little 
effeet on the overlap period. The length of the overlap period had no effect on 
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KCM yield for these 305-day records. Dickerson (6) has shown calving interval 
to be of little importance in 10-month records. The correlation between milk 
production and the time it took to settle a cow was +0.10. Although the coeffi- 
cient is statistically nonsignificant, its positive direction may be consistent with 
a general pattern. 

The amount of milk produced in the first lactation appeared to have some 
effect on second gestation length. A positive regression of gestation length on 
FCM yield of +0.03 days per 100-lb. increase in FCM yield was found in this 
study. This regression coefficient was significantly different from zero at the 
5% level of probability. The corresponding correlation was +0.15. When cor- 
rected for inbreeding of dam, the partial correlation between FCM and gesta- 
tion length is +0.19, which is just short of the 1% level of significance. This 
is the first report of a significant relationship between these two variables. 
Alexander (1) noted a slight but statistically insignificant positive relationship 
between duration of gestation and FCM yield. Several studies have reported 
no apparent relationship between gestation length and milk production in the 
cow (3, 23, 29, 34, 36). Terrill and Hazel (34) noted the gestation periods of 
ewes in good milk to average 0.45 day longer than those of ewes classed as 
poor vielders. 

The relations observed in this study between milk production and the time 
taken to settle a cow and between milk production and gestation length suggest 
the hypothesis that continued selection for high milk yield can result in the 
production of cows with unbalanced genotypes in respect to fitness. Such cows 
tend to produce milk at such a rate as to induce internal stress conditions that 
manifest themselves in the above-mentioned aspects of lower reproductive fitness. 
This phenomenon falls in the province of genetic homeostasis discussed by 
Lerner (24). 

In the present study the variation in gestation length associated with differ- 
ences in age of dam may largely reflect the results of management. As previ- 
ously described, bred heifers and first-calf cows were on a more adequate nutri- 
tive regime than were older cows and hence may have been subject to less 
physiological stress during or just before gestation than the older cows. In this 
case the effect on gestation length of variation in conditions external to the 
cow are under consideration rather than the effect on gestation length of varia- 
tion between genotypes selected for milk yield. In each situation, however, there 
is the common element, viz., the lowering of reproductive fitness through a 


lengthening of the reproductive cycle. 


In the literature there is no consistent age-of-dam effect except that first-calf 
heifers carry their calves a shorter time than do older cows. In this study there 
is a marked change in gestation length with each management change associated 
with age. These management changes divided the cows into three groups: bred 
heifers, first-calf cows, and older cows. There were no significant differences 
nor was there any trend among gestation lengths of cows of different ages in 


the group of older cows. Hence, it seems reasonable to assume that the apparent 
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age-of-dam effect on gestation length in this study is largely a reflection of 
management practices. 

A hormonal basis for the effect of heavy lactation on gestation has been 
suggested by Turpeinen (35). He demonstrated that in the mouse prolongation 
of gestation was proportional to the number of young suckled. The injection 
of progesterone or lactogenic hormone causes a prolonged gestation in mice and 
rats. Thus, it appears that if in the cow FCM yield has a positive correlation 
with gestation length, the stress mechanism may operate through the hormonal 
complex associated with high production. Searle (30) reports a high correlation 
between the number suckled in mouse litters and the length of gestation. He 
noted that gestation may extend to 5 weeks in lactating dams as compared with 
the expected 3 weeks in nonlactating dams. 

A negative correlation of —0.15 was found between gestation length and 
body weight (Table 6). However, the partial correlation with inbreeding of 
the cow held constant was —0.11, a figure not significant at the 5% level. Knapp 
et al. (21) report a correlation of +0.001 between length of gestation and weight 
of dam in beef Shorthorns. Vukavie (36) likewise found no correlation betwen 
the length of the gestation period and live weight of Simmental cows. No sig- 
nificant correlation was indicated between gestation length and a cow’s weight 
gain during her first lactation (Table 6). The statistically significant negative 
correlation of —0.17 between FCM yield and weight change indicated that the 
higher producers tended to gain less body weight during their first lactation. 
These animals are growing during their first lactation. The negative correla- 
tion, an indication of reduced growth rate of high producers, is another sign 


of interference with the well-being of the animal. 


SUMMARY AND CONCLUSIONS 


The records of 1,353 gestation periods of 427 cows of the University of 
California inbred Jersey herd were used in this study. Inbreeding ranged 
from 0 to 62% and averaged 11% for cows and 19% for calves. 

The mean length of the uncorrected gestation periods was 282.7 days and 
the standard deviation was 5.4 days. Sex and calving sequence were important 
sources of variation. Male calves were carried in utero 2 days longer than 
female calves. First calves were carried 1.3 days less than second calves, and 
second calves 1.2 days less than third calves. From the third calving sequence 
on, no significant differences or trend was found. Neither year nor sgason had 
significant effects on gestation length. The significant vear X season interaction 
was interpreted to indicate short-term time trends not associated with season 
of year. 

A highly significant regression of birth weight on gestation length of 0.36 
lb. per day was found. 

There was no evidence that inbreeding of the calf affected the length of 
time it was carried in utero. The inbreeding of the dam was positively corre- 
lated with gestation length, but there was evidence that this relationship might 
be confounded with other variable factors, including, possibly, milk production. 
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A partitioning of the phenotypic variance yielded the following estimates 
of the relative importance of the sources of variability: additive genetic differ- 
ences between calves, 30% ; additive genetie differences between dams, 31% ; 
permanent differences between dams other than those included above, 0% ; 
unanalyzed residual effects, 39%. 


Positive correlations were found between milk production and the time to 
settle a cow and between milk production and gestation length. The latter corre- 
lation is statistically significant at the 5% level of probability, whereas the 
former is not. An hypothesis is discussed in which the relationships between 
the above variables are interpreted in terms of genetic homeostasis. 
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A better understanding of the causes of low blood calcium after parturi- 
tion is important for proper control of milk fever. This series of experi- 
ments has helped clarify some of the questions regarding calcium metabo- 
lism, though no satisfactory explanation for the excessive proportion of 
radioactive calcium in milk has been found. Fditor. 











The calcium metabolism of the lactating dairy cow proceeds at a high rate 
because of the secretion into milk of 20 to 30 g. of calcium each day. This is 
about four times the calculated fecal metabolic loss of caleium by the cow (16). 
Balance studies have shown that the lactating cow is normally in negative 
calcium balance in the major part of the lactation period, even when adequately 
fed (3). The functioning udder has been shown to be the cause of drastic 
changes in calcium content of the blood at the initiation of lactation (172), and 
dairy cows are uniquely afflicted with an ailment, milk fever, caused by low 
blood calcium after parturition (8). An understanding of the secretion of milk 
¢aleium and its probable precursor forms and sources has been sought in pre- 
vious studies by the use of radioactive calcium by which blood calcium and 
feed calcium have been labeled (13). These studies indicated that some cows 
apparently were able to concentrate radioactive calcium in their milk after oral 
dosing to a greater extent than they concentrated stable calcium, although this 
phenomenon was not so noticeable after intravenous dosing. After both oral 
and intravenous doses, the proportion of radioactive to stable valcium remained 
higher in milk than in blood, even after correction for time of milk secretion. 
Since this difference in the peak specific activity of bleod and milk caleium was 
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at variance with the expected precursor-product relationship (18), the additional 
studies presented in this article were conducted to seek a further explanation 


for this phenomenon. 


MATERIALS AND METHODS 


The cows used in this study either were all Jerseys or carried at least 50% 
Jersey blood and were mature in age. They varied widely in milking ability 
and stage of lactation through the series of experiments. They were fed a 
medium to poor quality mixed hay and commercial 16% protein dairy feed 
which was fortified with mineral supplements containing adequate calcium, 
phosphorus, and minor elements. Dosing, sampling, and analyses were done by 
the methods previously described (2, 15). Intravenous injection of 10 units 
oxytocin was given prior to all milkings during the first 2 days of each experi- 
ment and for ail later periods in which frequent milkings were made. Special 
methods for individual experiments are described below with the discussion of 
those experiments. Specific activity of calcium has been calculated as the per- 
centage of the dose of Ca*® times 10' per milligram of total calcium. In plotting 
the specific activities of calcium from milk and urine, the median time between 
sample collections has been used rather than the time of collection. This corree- 
tion for time of secretion of milk was assumed to be adequate because it was 
found that the specific activities of first and last drawn milk after oxytocin- 
induced milk ejection at one milking period differed only slightly, being 1.93 
and 1.83, respectively. All changes in specific activity with time have been 
plotted on semilogarithmic scales, according to time after dosing. 


RESULTS 


Comparing oral and intravenous doses. Since comparisons of specific activity 
of blood and milk calcium after oral and intravenous doses in the same cow 
had not been presented previously, these data were obtained from two cows in 
mid-lactation. They were given oral doses of approximately 5 me. Ca??Cly De- 
cember 14, 1951, and February 1, 1952. They were dosed intravenously with 
1.75 me. of Cat?Cle March 5, 1952. The results of these trials with cow 1 are 
shown in Figures 1 to 3. Very similar results were obtained in the trials 
with cow 5. 

These figures show that the declining curve of blood calcium specific “activity 
after an intravenous dose passed through the peak of the time-corrected milk 
curve, but later a slight delay in calcium secretion into milk was indicated. In 
the straight declining phase of the curves the blood and milk values were 
parallel but separated by a time factor of about 8 hours. These differences 
might be explained by a calcium reservoir in the udder requiring an average 
of 8 hours for milk precursor calcium to traverse. The specific activity curves 
after oral doses were somewhat different. In the December trials the peaks of 
milk and blood caleium specific activity were nearly equal, but in the February 
trials milk reached a higher specific activity than blood, as had been noted 



































1596 E. W. SWANSON ET AL 
3.0} 
— fren \e 
aol 2.0} / ee 
/c oe i, 
3.0} / ~~, ~~ 
“ae ™ . 6 
& | ie 
> 2.0} > 10} | oN. 
= = , 
& Q 08} a 
o | \ 
4 v ‘* 
4 = oe ba oN 
= ‘oF | iw | © MILK ih "o% 
& 0.8} ones @ BLOOD SERUM ( JUGULAR V.) be =o 
. | ° | he 
o6r | ° MILK *Q | “hy 
| ® BLOOD SERUM (JUGULAR V) ™ ° Ww 
¢ : 
0.4} o2 
oO 20 40 60 80 100 120 140 ° 20 40 60 80 100 120 «140 160 
TIME AFTER DOSE (hr) TIME AFTER DOSE (hr) 
Fig. 1. Comparison of the specific ac- Mig. 2. Comparison of the specific ac- 
tivity of blood and milk calcium after an tivity of blood and milk ecaleium after an 


oral dose of Ca* given to cow 1 December 

















oral dose of Ca“ given to cow 1 February 














14, 1951. 1, 1952. 
60 
sob 
\ 3.0} p2°e~ 
aa rn 
/ fs he 
30+; \\ 2.0} * 
, aN ° 
| / 
720F 
> | 
g iT » — 
oe 
° > 0.8F 4 
“10+ = 5 
S + 2 0.6} 
Qa 8b 
vw °T 2 ost 
6+ & 0.44 
a 
- yn 
O.3F ¢ Oo MILK 
ak : 
— { © 8LOOD SERUM (JUGULAR V) 
© BLOOD 
3+ Oz} 
cow t “< | 
2b 3-5-52 . | 
° 
La 
10 20 30 40 50 60 70 20 40 60 80 100 120 140 
TIME AFTER DOSE (hr) TIME AFTER DOSE (hr) 
Fig. 3. Comparison of the specific ae- Fig. +. Comparison of the specific ae- 


tivity of blood and milk calcium after an 
1 


intravenous dose of Ca” given to cow 


Mareh 5, 1952. 


tivity of blood and milk calcium after an 
oral dose of Ca” given to cow 5 with col- 


lections of samples at 4 to 6 hour intervals. 





The straight declining blood and milk curves for cow 1 were nearly 
The time 


before. 
parallel, but for cow 5 they seemed to diverge in later samplings. 
differences between the curves for cow 1 were 13 and 17 hours and those for 
cow 5 were 14 to 20 hours and 20 to 26 hours, respectively, in the two trials. 
If the udder were preferentially concentrating radioactive calcium, which after 
an oral dose is a representative tracer of feed calcium, the specific activity 
decline curves of blood and milk would be expected to diverge. The observation 
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that they diverged with one cow and not with the other, irrespective of the 
relation of milk and blood calcium specific activities at the peaks, makes the 
interpretation of this phenomenon difficult. These types of inconsistencies have 
appeared at other times in these studies. There was a strong suggestion, how- 
ever, that the cow’s mammary gland may handle orally derived calcium differ- 
ently from that placed into the blood stream all at one time. 

Blood and milk calcium specific activity changes after oral doses. The possi- 
bility of the blood calcium reaching a higher peak specific activity than that of 
milk after an oral dose, but maintaining it for so short a time that it was missed 
in the sampling schedule, was investigated with two cows from which very 
frequent samples were taken in the early phase of the trial. Each cow was 
dosed orally with about 5 me. of Ca*?Clse. If the contents of the dosing capsule 
were not thoroughly mixed in the cow’s stomach but were rapidly shunted to 
an area where the major portion was absorbed, such a transitory peak blood 


specific activity would be possible. 
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Fic. 5. Comparison of the specific gravity of blood and milk calcium after an oral dose 
of Ca” given to cow 11 with frequent collection of samples. 

, 

The results of these trials are shown in Figures 4 and 5. Even with samples 
taken at 4-hour intervals, the specific activity of none of the blood samples 
from cow 5 was as high as that of the seven highest milk samples (Figure 4). 
The peak specific activity of the blood was not attained until 34 hours after 
dosing, which indicates a rather slow absorption of the dose. The peak specific 
activity appeared in the milk at about the same time as the blood peak. In cow 
11, however, peak specific activity was found in the 12-hour blood samples, 
which exceeded the highest specific activity from any of the milk samples (Fig- 
ure 5). The peak for specific activity in milk occurred at about 20 hours. These 
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two cows clearly absorbed and metabolized their ingested calcium at different 
rates. Cow 11, which absorbed the dose more rapidly, failed to concentrate the 
radioactive calcium in the milk as did cow 5, which absorbed the dose more 
slowly. The specific activity curves of the blood and milk of both cows appeared 
to diverge slightly in the declining or presumably post-absorptive phase. These 
first experiments seemed to confirm the previous observation (15) that the mam- 
mary gland was concentrating radioactive calcium in preference to stable cal- 
cium after an oral dose in some cows at some periods; but the effect was not 
always observed. 

Test for a high specifie activity blood fraction by electrophoresis after adding 
Ca’. Although Visek et al. (15) had not been able to find blood fractions that 
differed significantly in specific activity from the whole blood calcium by means 
of ultrafiltration and adsorption, the possibility that serum calcium is not all 
of equal mobility still exists. One example which might be due to differences in 
mobility of radioactive calcium in the blood is the observation that specific 
activity of blood calcium of the new-born calf from a cow dosed before parturi- 
tion was 2.5 times that of the cow (15). A further attempt to detect differences 
in blood calcium fractions was made by a combination of paper electrophoresis 
and autoradiographic techniques. The method of Gordon ef al. (4) was used. 
All strips were moistened with 0.05 M veronal buffer (pH 8.5) and 5 to 10 A 
of sample were applied to the moist strip before a potential gradient of 5 volts 
per centimeter was established. 

The results of three typical tests are shown in Figure 6. Strip a is an auto- 
radiogram of a sample of Ca*Cls after 1 hour electrophoresis in veronal con- 
taining 0.9% NaCl. All of the radioactive calcium had migrated a distance of 
7 em. Strips b and ¢ resulted from the same treatment of bovine serum, which 
had been incubated with Ca**. The autoradiogram is superimposed upon the 
paper strip, which was stained with bromphenol blue to show the proteins. It 
is evident that the radiocalcium had migrated the same distance as the calcium 
chloride (strip a) and that it had separated cleanly from the plasma proteins 
except for a few intensely radioactive spots at the site of sample application 
(strip b). These spots were found to be the result of precipitation of calcium 
salts in blood plasma by the addition of relatively low specific activity Ca*. 
When radiocalcium of higher specific activity was added to serum (strip ¢) all 
the radioactivity was found in the calcium-ion band. These results show that 
the bond between calcium and serum protein is so weak that it is easily and 
rapidly broken by the electrophoretic removal of free calcium ions from the 
medium surrounding the protein molecules. 

To compare the physico-chemical state of calcium in milk to that in blood, 
ultrafiltration and paper electrophoresis were performed on a milk sample 
incubated with CaCl. for several hours. The electrophoretic pattern lacked 
definition. Radioactivity was distributed more or less evenly between the origin 


and an ionic-calecium band on the cathode side, and radioactivity was also found 
with the protein bands toward the anode. Such a picture could be explained 
by the presence of protein-bound or other colloidal calcium, which decomposed 
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Fig. 6. Autoradiograms of Ca“Clz (a) and Ca®Cl. in blood serum (b and ¢) superimposed 
on paper electrophoretic strips stained to show the serum proteins near 0. The lower bands 


are the images of Ca®. Sample was applied at 0->. 


slowly under the influence of electrophoretic withdrawal of Ca ions from the 
medium. Ultrafiltration of the same milk sample over a period of 16 hours in 
the refrigerator indicated the presence of 72% nondiffusible calcium, a value 
closely agreeing with the results of Magee and Harvey (10). Ca** determina- 
tions on the ultrafiltrate showed that its specific activity exceeded the specific 
activity of whole milk by 33%. Apparently the calcium in milk did not exchange 
freely with ionic calcium as it had with serum calcium. 

Effect on blood and milk calcium of intravenous injection of large-amounts 
of stable calcium. Although all methods of blood fractionation used had failed 
to show a high specific activity component, the appearance of the excess milk 
calcium specific activity after oral doses suggested that recently absorbed cal- 
cium might be used for milk formation in slight preference over the total blood 
calcium. If this were true, it was reasoned that adding extra calcium to the 
blood to simulate newly absorbed calcium should produce a greater effect upon 
the specific activity of milk calcium than upon the blood of a cow in the straight 
declining phase after an oral dose. To test this hypothesis, a cow that had 
previously shown the apparent Ca* concentrating effect in milk was used in 
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three different trials. In each trial, the cow was given a 5-me. oral dose of 
Ca®Cls, and blood and milk samples were collected as previously described. 
Beginning at about 30 hours after dosing, injections of solutions furnishing 
0.5 g. of Ca were made by intravenous catheter at 30-minute intervals for 8 
hours. During this injection schedule, milkings were made at 3- to 4-hour 
intervals. Blood samples were taken just before an injection at 2-hour intervals 
or oftener. In the first trial, CaClo solution was used. In the second trial, CaCl 
and NaH»PO, solutions were used in proper proportion to maintain a normal 
Ca: P ratio in the blood. Calcium lactate was used in the third trial. 

The results of the preliminary oral dose with cow 8 and the injection of 
ealeium plus phosphorus trial with the same cow are shown in Figures 7 and 8. 
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after an oral dose of Ca given near the dose of Ca* given to cow 8 Mareh 4, 1953, 
peak of her lactation, December 10, 1952. followed by 8 hours of injecting CaCl. 


and NaHePO, Mareh 5. 


It is shown in these graphs that a much greater difference between milk and 
blood calcium specifie activity was found in the preliminary trial than in the 
later ones. In the former trial the cow was at the peak of her lactation, 5 weeks, 
in December, 1952. The CaCly trial was made in January, 1953, and the next 
trial in Mareh, 1953. Jn all trials the specific activity of caleium from blood 
and milk deelined at the same rate, producing parallel curves. The results with 
CaCls or calcium lactate were very similar to those with calcium and phosphorus. 


Contrary to the above hypothesis, the specific activity of milk was influ- 
enced less by massive injections of stable calcium than was that of blood. The 
plotted differences are probably less than the true average differences because 
the blood was sampled at its highest specific activity within each 30-minute 
injection period. The CaCly injections decreased blood calcium specific activity 
19%, but at the same time milk calcium specific activity decreased only 11%. 
Calcium and phosphorus injected together caused a 12% decrease in blood and 
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an 8% decrease in milk calcium specific activity. In neither trial did the aitered 
specific activity of milk calcium decline to the normal expected blood level. 
Although the distance between the milk and blood specific activity curves 
indicated a probable average lag of 7 and 9 hours, respectively, in the two 
trials, the lag in appearance of the effects of the calcium injections on milk 
calcium specific activity was less than 4+ hours. This indicates that part of the 
milk calcium is derived rapidly from the blood while another part may pass 
through an udder reservoir, which would cause a delay in the movement from 
blood to milk. The contribution of this udder calcium reservoir to the milk 
explains why the specific activity of milk calcium was affected less than blood 
calcium by the § hours of calcium injections. These results indicate that injected 
calcium is not preferentially used for milk formation to the extent that it may 
explain the peak differences in blood and milk calcium specific activities. 
Isotopic analysis of blood and milk calcium. If the cow’s mammary gland 
were capable of preferentially selecting Ca*® from the blood for secretion into 
milk, the differences in milk and blood specific activities might be due simply 
to such an isotope effect. If this were true, milk should also be richer than 
blood in stable calcium isotopes Cat? and Ca**. To determine this, blood and 
milk samples were secured from a cow in early lactation. Calcium was collected 
from each as the oxalate precipitate and then converted to the nitrate and 
analyzed by the mass spectrograph. The percentages of six stable calcium 
isotopes found in blood and milk samples are shown in Table 1. Since the 


TABLE 1 


The concentration of six stable calcium isotopes in blood and milk drawn from the same cow 





Coneentration in atom per cent 





Calcium 





isotope Blood Milk 
(Mass No.) (%) (%) 
40 96.81 96.81 

42 0.68 0.66 

43 0.14 0.15 

44 2.18 2.19 
46 0.003 0.003 
48 0.189 0.193 





values of these six isotopes were nearly identical from the two sources of calcium, 
it seems unlikely that the mammary gland of the cow concentrates Ca*’, per se; 
thus, the higher specific activity of milk may not be explained by an isotope 
effect. 

Comparison of specific activity changes of calcium in arterial and venous 
blood, urine, and milk of cows after an oral dose of Ca‘’. In all of the previous 
trials blood samples had been obtained from the jugular vein. Since blood 
calcium is constantly being exchanged with bone calcium, the blood is constantly 
being depleted of recently absorbed calcium (in this instance Ca‘) which is 
replaced by calcium (mostly stable Ca) from the skeletal and tissue stores (7, 
14). Theoretically, this could result in venous calcium having a very slightly 
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lower specific activity than arterial calcium. Another possible change in blood 
calcium could occur as the result of the removal of calcium by the udder. An 
attempt was made to detect such changes in this experiment. 

Three cows were used in these trials. About a week before dosing, the carotid 
artery of each cow was displaced so that it lay just under a fold of the skin of 
the neck. Arterial blood samples were then easily obtained by hypodermic 
needle and syringe. Each cow was dosed with 5 me. of Ca*Cle orally. Blood 
samples were taken at frequent intervals simultaneously from the carotid artery, 
jugular vein, and subeutaneous abdominal vein, which was presumed to contain 
mostly blood from the mammary gland. Milk and urine samples were obtained 
twice daily. Because of its very low calcium content, urine was wet-ashed in 
glass beakers to insure reliable specific activity values. 

The specific activity values of calcium from each source from cows 7 and 9 
are presented in Figures 9 and 10. Similar results were secured from cow 8. 











© MAM, VEIN 
A JUG. VEIN 
ri © ARTERY 
a * MILK ail ® MAM. VEIN 
: © URINE aga joc, X JUG. VEIN 
~v-4..... | r — © ARTERY 
Y3- —*— hy, F f mags. 6-eeun 
nw... = < . ee . © URINE 
ad te + a a 
= => ~ : 
> at - P “ lo» ~ - 
¥ ~ i ~ be 5; 7 
: | ~~ 3 | tt 
1 % } $ 
¢ 9) p< ( 150 
URS 
Fie. 9. Comparisons of the specifie activ- Fic. 10. Comparisons of the specific ac- 
ity of caleium from milk (broken line) and tivity of caleium from milk (broken line) 
urine and blood from the carotid artery, and urine and blood from the carotid 
jugular vein, and subcutaneous abdominal artery, jugular vein, and subcutaneous ab- 
vein (solid line) of cow 7 after an bral dominal vein (solid line) of cow 9 after 
dose of Ca. an oral dose of Ca”. 


No consistent difference in specific activities of calcium from urine, arterial 
blood, jugular vein blood, or subeutaneous abdominal (mammary) vein blood 
was found. Therefore, the trend of these values has been represented by one 
line. The specific activity of milk calcium from these cows did not reach a 
higher level than that of blood except in the declining phase of the curves, at 
which time the specific activity of calcium from the three blood sources con- 
tinued to remain nearly identical. If slight differences in blood specific activity 
did exist, the analytical methods were not precise enough to demonstrate them. 
The agreement of specific activity of urine and blood calcium in nearly all 
samples indicates that the calcium excreted by the kidney is representative of 
all of the blood caleium, lending further doubt as to the existence of a high 
specific activity blood fraction. 

Since only one of the cows (No. 9 in Figure 10) used in this experiment 
demonstrated the differences in milk and blood calcium specific activity expected 
on the basis of previous trials, these results may not have been typical of cows 
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in which this effect did oceur. However, cows 7 and 8 had exhibited definite 
differences in milk and blood calcium specific activities in previous experiments. 
The specific activities of blood calcium from the three sources differed no more 
for cow 9 than for the two cows showing lesser blood-milk differences. Two 
other trials comparing the specific activities of serum calcium from the jugular 
and subcutaneous abdominal veins also failed to show differences large enough 
or consistent enough to explain the blood and milk differences. 

Other observations on the secretion of Ca‘*® into milk. Cow 8, which had a 
history of milk fever in previous lactations, repeatedly showed a higher peak 
specific activity in milk than in blood calcium, and the differences between 
blood and milk calcium specific activities were wider in early lactation (Figure 
7) than in later lactation (Figure 8). Another cow (No. 87) with a history 
of milk fever was also used in Ca** secretion studies and was given oral doses 
in the first and fourth months of lactation. The results from these trials are 
shown in Figure 11. As with cow 8, wide differences in milk and blood calcium 
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Fig. 11. Comparisons of the specific Fig. 12. Comparison of the specific ac- 
activity of blood and milk caleium of cow tivity of blood and milk calcium from 
87 after oral doses of Ca” July 19, 1954 cow 6 for 10 days after the last of 10 
(one month after calving with milk fever) daily intravenous injections of Ca%, July, 
and October 25, after milk yield had de- 1952. 


clined to a low level. 


specific activities were observed at the péak of lactation, and practically no 
differences were found at the later trial. These results suggest that the process 
by which the specific activities differences are produced is most active in early 
lactation. That the stage of lactation is just one of the factors involved, how- 
ever, is shown by the results with cows 1 and 5 at two different periods (Figures 
1 and 2) and by the results with cow 9 (Figure 10) and cow 11 (Figure 5), 
which were both good producers used in the plotted experiments at an early 
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Fig. 13. Comparison of the specific activity of blood and milk calcium from cow 7 for 
10 days after the last of 10 daily intravenous injections of Ca”, July, 1952. 


stage of lactation. In these four cows only slight or no differences in peak 
specific activities of blood and milk calcium were observed from experiments 
in the early part of lactation. 

An interesting comparison of the specific activities of blood and milk calcium 
was made with two cows that were used in an experiment to determine endoge- 
nous feeal calcium (16). These cows were given daily intravenous injections 
of 150 and 200 pe. of Ca*Cle for 10 days respectively, in each of two separate 
trials. The specific activities of milk and blood calcium for 10 days after the 
last injection in one trial are shown in Figures 12 and 13. The values for blood 
and milk for cow 6 were nearly identical in both trials. For cow 7, however, 
the curves for blood and milk although parallel were separated by about 72 
hours in time in both trials. These results indicate again that the decline in 
specific activity of blood and milk calcium is generally at the same rate; there- 
fore, the udder probably does not concentrate Ca** continuously. The consistent 
difference in the response of the two cows indicates again the wide variations 
that may exist in the manner in which calcium is handled by the cow or the 
udder. The milk production of cow 6 in both trials was 8 to 10 lb. daily, 
whereas cow 7 was producing 15 to 18 Ib. daily, and this production difference 
may have had an influence on the caleium metabolism. 


DISCUSSION 


This series of experiments has helped to clarify some of the questions re- 
garding calcium metabolism by the milking cow, but the explanation for others 
is still obseure. No entirely satisfactory explanation of the higher specific ac- 
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tivity of milk calcium than blood caleium at the peak of the curves after an 
oral dose has appeared. This phenomenon has also been reported for phosphorus 
after an oral dose of P** (13) with the supposition that the mammary gland 
removed from the blood a high specifie activity fraction of phosphorus for 
milk secretion. All attempts, including those reported here and work by Visek 
et al. (15), to demonstrate such a high specific activity fraction of calcium have 
resulted in negative observations. If such a blood fraction exists it must be 
handled differently in different cows, since not all cows have consistently shown 
the higher peak milk specifie activity. This is not a remote possibility, however, 
since cows are known to differ considerably in calcium metabolism and blood 
calcium components just after parturition, resulting in differences in milk fever 
development ; and, furthermore, cows in these experiments known to be suscep- 
tible to milk fever were among the most definite demonstrators of the differences 
in blood and milk calcium specifie activity. 


It is postulated that if such a high specific activity blood calcium fraction 
does exist, its duration is relatively short after oral dosing. Otherwise, as time 
progressed the specific activities of blood and milk calcium would diverge mark- 
edly rather than remain parallel, as they have in nearly all of these studies. 
Additional evidence against a high specifie activity fraction of blood calcium 
is the observation that calcium in the urine and that in blood were nearly 
identical in specific activity. These results confirm similar observations in dogs 
(5) and humans (1). If blood calcium fractions of differing specific activities 
were circulating, it would be unlikely that the kidney would excrete them in 
the same proportion as that found in blood. Furthermore, lack of specific 
activity differences between arterial blood calcium and mammary vein blood 
calcium did not indicate that the mammary gland was removing a high specific 
activity fraction. Since the total calcium arterial-venous differences in this 
study were only about 2 to 4% and the peak specific activity differences when 
exhibited were usualiy of the order of 10 to 15%, the precision of the analytical 
methods may not have been good enough to show such an effect. Failure to 
alter milk calcium specific activity as much as that of blood calcium by repeated 
intravenous doses of calcium suggested that blood calcium recently absorbed 
largely as ionic calcium may not be preferentially used for milk formation, 
supposing that absorbed and injected calcium would react similarly. 


The mass spectrographic analyses of blood and milk calcium from one cow 
gave no indication of the possibility of a preferential secretion by the mam- 
mary gland of heavier than average calcium isotopes. In an experiment subse- 
quent to the samplings for spectrographic analysis, it was found that this cow 
(No. 10) did not appear to concentrate Ca*® in her milk after an oral dose. 
Until the isotopic analyses can be made on blood and milk of a cow showing 
the concentrating effect, the possibility of isotope separation in some cows should 
not be completely rejected. If there were an isotope separation, however, it 
would not be expected that the heavy isotopes would enter into the reactions 
leading to milk formation at a greater rate than the light isotopes. Therefore, 
this explanation is given very minor consideration 
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After the peaks of activity have passed, the specific activity of milk calcium 
corrected to the average time of secretion of the sample has in a great majority 
of the experiments remained above the specific activity of blood calcium as long 
as reliable samples could be collected. The rate of decline of both blood and 
milk values has been exponential, and the values have been parallel. This situa- 
tion is consistent with the hypothesis that milk calcium is derived from a 
homogeneous portion of blood calcium but that a constant delay in the appear- 
ance of the milk calcium occurs. This delay can be explained by the existence 
in the udder of a calcium reservoir from which a large part of the milk calcium 
is eventually drawn. Such a calcium pool has been suggested by Gowen and 
Tobey (6) on the basis of excessive ash content of the udder. Monroe (11) found 
that four udders from cows in late lactation contained two to four times as 
much ecaleium as could be accounted for by the residual milk they contained. 
[t is possible that udders from cows at the peak of lactation would show even 
greater stores of excess calcium. Since the total residual milk may easily equal 
20% of the amount normally secured at a milking, it follows that the recently 
milked udder may contain enough caleium to form the amount of milk to be 
secreted in the next 12 hours. 

Another important factor in the movement of calcium from blood through 
the udder to milk is the relatively low exchangeability of milk calcium, which 
has been demonstrated in these experiments and others (17). It is postulated 
that calcium which enters the secretory tissue of the udder is also bound in 
some manner so that it does not again return easily to the blood but is primarily 
released or continued in processing to form milk. Such a binding process is 
necessary to explain the very long periods that have been observed in some 
cows between equal specific activities of blood and milk calcium. One cow 
dosed prepartum (15) had shown such a lag period of about 10 days for milk 
secreted during the first 10 days of.lactation. Several cows in the experiments 
reported here have shown lag periods of 18 hours or more, and one period was 
72 hours. Such long delays cannot be explained by the delay of movement of 
preformed milk through the udder, as was proposed by Lakshmanan and Kumar 
(9). On purely physical considerations such an explanation is not plausible 
because the total weight of a milked udder is not equal to more than one 
day’s milk yield. 

The variability in the time lag between equal calcium specific activities of 
blood and milk is probably due to a combination of many factors. The size of 
the udder calcium reservoir and its proportionate contribution to milk calcium 
is one factor. The data in Figure 8 show that part of the milk calcium is derived 
rapidly from the blood, probably without passing through the udder reservoir. 
If all of the milk calcium came directly from blood as the milk was secreted, the 
specific activity curves of blood and milk would be expected to coincide in the 
declining phase, as they have in several of the experiments presented here. If 
the caleium binding reservoir of the udder were very large or active, propor- 
tionately more of the milk would be derived from this source, which would 
result in longer lag periods. Another possibility is a variation in exchange- 
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ability of udder calcium. The differences observed could be explained without 
assuming major changes in the amount of calcium reserve in the udder if ex- 
change rates varied widely. Extremely rapid exchange would result in a mini- 
mum time lag, whereas a low exchange rate with a given size reservoir would 
produce a longer period between equality of blood and milk calcium specific 
activity. More definitive experiments upon secreting mammary tissue are nec- 
essary to clarify these questions. 


SUMMARY 

Experiments have been discussed in which the specific activities of milk 
calcium and blood calcium have been compared after intravenous and oral doses 
of radioactive calcium administered to lactating dairy cows, along with investi- 
gations to determine the cause of the differences observed. After intravenous 
doses the specific activity curve of blood calcium as it declined passed through 
the peak of the milk calcium curve corrected to average time of secretion. After 
the peak, the milk specific activity usually remained higher than the blood but 
continued to decline at the same rate as blood. After oral doses wide variations 
in response have been observed. In some animals the specific activity of milk 
calcium has exceeded the highest observed specific activity of blood, but in others 
they were nearly equal at their maximum. After the peak the decline curves 
have been very similar to those after an intravenous dose. 

Cows that had previously developed milk fever were found to exhibit greater 
differences in specific activities of blood and milk calcium in early lactation 
than other cows; yet these differences were observed also in cows that were not 
highly susceptible to milk fever. No satisfactory explanation for the excessive 
proportion of radioactive calcium in milk has been discovered. Paper electro- 
phoresis, arterial-venous differences, and experiments involving the constant 
injection of stable calcium failed to support the hypothesis that a high specific 
activity fraction of blood calcium existed which might be used preferentially 
for milk formation. Mass spectrographie analysis of blood and milk calcium 
of one cow showed no differences in proportions of six calcium isotopes, which 
indicated that the udder was not concentrating Ca*® per se. The existence in 
the udder of a variable calcium reservoir from which the calcium is not readily 
exchanged with blood calcium, and which is used for milk formation, has been 
postulated to explain the differences in time between equal specific activity 


values of blood and milk calcium. 
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TECHNICAL NOTES 


SOME CARBONYL COMPOUNDS IN RAW MILK! 


The presence of alpha-ketoglutaric acid in 
pasteurized milk has been reported recently 
by Patton and Potter (3). It appears timely, 
therefore, to report the results of similar ex- 
periments completed at the time of publication 
of Patton and Potter’s observations. The results 
confirm and supplement their findings. 

A survey project has been in progress to de- 
termine the kind and concentration of various 
carbonyl compounds in fresh milk. During 
November and December, 1955, milk was ob- 
tained from 20 individual cows of the Univer- 
sity herd. All cows were healthy, showing no 
clinical indication of either ketosis or mastitis. 
Fifty-ml. samples were obtained at the time 
of milking and were cooled to 4° C. The samples 
were immediately deproteinized by adding 5 ml. 
of 10% sodium tungstate, agitating for a few 
minutes, and then acidifying to pH 4 with 
0.67 N sulfuric acid. The solid material was re- 
moved by centrifugation. The supernatant was 
filtered by suction through a Whatman No. 1 
filter paper, dampened and dusted with washed 
silicic acid. The sediment layer was added to 
the filter and washed several times with 20-30 
ml. of distilled water at 25° C. The filtrate was 
then reacted with 2,4-dinitrophenylhydrazine 
for 1 hour at 25° C. The phenylhydrazine de- 
rivatives were ether extracted and chromato- 
graphed for acidic components by the method of 
El Hawary and Thompson (1). The alpha- 
keto acids were identified by a combination of 
Rf values and light absorption in the visible 
range. Beta-keto acids were identified by a 
combination of Rf values of the acid and iden- 
tification of the neutral phenylhydrazone com- 
ponents formed by decarboxylation of the beta- 
keto acid phenylhydrazones. The results of 
analyses are summarized in Table 1. 

As shown by the data, both alpha-ketoglu- 
taric acid and pyruvie acid were found in sig- 
nificant concentrations in all samples. Alpha- 
ketoglutarie acid was present in the highest 
concentration of any of the keto acids studied, 
with an average of about 2.5 mg. per liter. Py- 
ruvie acid was present generally in about one- 
tenth the concentration of alpha-ketoglutaric 
acid. Acetoacetic acid was present in eleven 
of the 20 samples, oxalacetic acid was present 
in eight of the samples, and oxalsuceinie acid 
was present in three of the samples. Alpha- 


*Technical Note 6:56, Department of 
Technology, The Ohio State 
Ohio Agricultural 
Journal Article No. 63-56. 


Dairy 
University and the 
ixperiment Station. O.A.E.S. 
1956. 


TABLE 1 
Carbonyl compounds in 20 samples of fresh 
raw milk from the University herd 





Coneentration of carbonyl 
compound* 








Compounds Range Average 
(mg/l.) (mg/l1.) 
Oxalsuccinie Trace in 3 samples 
a-Ketoglutarie 0.1-8.6 in 20 samples 2.4 
Oxalacetic Trace in 10 samples 
Pyruvic 0.02-0.2 in 20 samples 0.08 


Trace in 8 samples 
Trace in 4 samples 
Trace in 12 samples 
Trace in 13 samples 


Acetoacetic 
Formaldehyde” 
Acetaldehyde 
Acetone 





“ Trace refers to less than 0.01 mg/liter of milk. 
"Identified by Rf value only. 


ketocaproic or isocaproic acid was present 
in one sample analyzed. 

Chromatographie analyses of the neutral 
hydrazones by the method of Heulin (2) re- 
vealed the presence of acetone and acetalde- 
hyde in all the samples studied. In addition, 


formaldehyde was occasionally present. Also 

unidentified carbonyl compounds of carbon 

chain length of 5 and higher, together with 
unidentified aromatic carbonyl compounds were 
present in some samples. 

Standard bacterial plate counts revealed a 
range of 195 to 9,300 bacteria per milliliter in 
the 20 samples, with an average of 2,500. There 
was no relationship between bacterial counts 
and the concentration of carbonyl compounds. 

Addition of 10 mg. per liter alpha-ketoglutaric 
acid or 2 mg. per liter of pyruvie acid to pas- 
teurized milk had no appreciable effect on the 
flavor of the product. The significance of the 
presence of the keto acids will require additional 
study. 

W. J. HARPER 

RosE M. HUBER 

Ohio State University 
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DAIRY SCIENCE 


AN INEXPENSIVE URINE COLLECTING APPARATUS 
FOR DAIRY COWS 


The problem of separate collection of urine 
and feces from dairy cows has been persistent. 
Some of the methods employed have been cited 
recently by Cunningham et al. (1) and Gorski 
et al. (2). 

The apparatus to be deseribed is similar in 
principle to other apparatuses but is deemed 
worthy of consideration because it is inexpen- 
sive, easy to construct, and consists of materials 
which are readily available. 


The necessary materials are: coat hanger 
wire, 1/16-in. rubber sheeting, foam rubber, 
rubber tubing, rubber cement (Alrite), F-F 
Branding Cement (Nebraska Salesbook Co., 


Lincoln), a tire patching kit, friction tape, No. 
18 copper wire, aluminum sheet metal, 3-in. 
gooch rubber tubing, an old inner tube, a bolt 
or metal rod, two kneeling pads, two small 
pieces of 14-in. plywood, and a fiber strap. 
The apparatus is constructed as follows. The 
coat hanger wire is cut into six pieces and fast- 
ened together with friction tape (Figure 1). 





rubber ~ 
hose 


Fig. 1. Exploded-view showing component parts 
of the urinal. 


A vestibule is fashioned from inner tubing and 
fastened to a rectangular piece of sheet rubber 
with an oval-shaped hole in it. This is ae- 
complished by flanging the tubing and attaching 
the two by means of rubber cement and staples. 
The gooch tubing is attached to the distal end 
of the vestibule with rubber cement. Then a 
piece of foam rubber similar in shape to the 
sheet rubber is cemented to the outer surface of 
the latter. The top cross wire of the supporting 
frame is then attached to the whole unit with 
copper wire and an aluminum reinforcing strip. 
A metal ring is fastened around the gooch 
tubing one-third of the way from its distal end, 
and a cross piece consisting of a section of 
rubber hose with a metal rod in its lumen is 
attached to the peripheral end of the gooch 
tubing. The cross-piece weights the tubing and 


prevents it from being pulled from the urine 
collecting bottle which is placed to the rear 
of the gutter and, in our ease, beneath the floor. 
The urinal is then completely assembled. Figure 
1 diagrammatically illustrates the component 
parts, and Figure 2 (left side) shows the as- 

cross section of 

assembied unit 






> rubber tubing 
(over protecting) 
bor ma 





strips 
heort strop with cushioning 


(| cushion on each side of withers) 


vestibule 





5 rubber straps. (from old inner tube) 


Fre. 2. 
view showing the component parts of the harness. 


Cross section of urinal and an exploded- 


sembled urinal in eross section. The gooch 
tubing is omitted. Note that rubber tubing is 
placed around the upper arms of the wire sup- 
porting frame to prevent irritating the animal. 

The critical points to be observed in construct- 
ing the apparatus are that the orifice be of suf- 
ficient size to cireumseribe the opening of the 
vulva, and that the width of the wire supporting 
frame be such that it fits with ease between the 
pin bones. Both of these factors must be de- 
termined by observing the anatomy of each 
animal. The wire protruding over the vestibule 
is to prevent damage which might oceur from the 
switching of the cow’s tail. The wire should be 
covered with rubber tubing to prevent irritation 
to the under side of the tail. 

A means of support for the urinal is satis- 
factorily furnished by use of a harness as illus- 





Fig. 3. The assembled apparatus in place. 
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trated in Figure 3. A fiber strap is cinched 
around the forward part of the barrel and used 
as the anchor point for the rest of the harness. 
The kneeling pads are folded (Figure 2) and 
placed in the region of the crops. Their function 
is to raise the cinch strap so that it will not 
cut off the circulation by pressing on the top 
line — thus, pressure necrosis is prevented. The 
plywood pieces are placed over the pads to in- 
sure that the pressure will be distributed over 
the entire surface area of the pads. The rest of 
the harness consists of five rubber straps, cut 
from old inner tubes, arranged to hold the urinal 
in place as illustrated (Figure 3). 

As a stabilizing measure, branding cement 
is used to attach the peripheral portion of the 
face of the urinal in apposition with the cow. 
Lastly, a supporting piece of twine is attached 
to the ring on the gooch tubing. The harness 
should be checked periodically so that any 
damage or maladjustment may be corrected be- 
fore sample contamination can oceur. 


Apparatuses constructed from these materials 
have been used for 30 digestibility trials on 
nine cows. The collection periods have ranged 
up to 11 days with little or no irritation to the 
animals. The uniformity of experimental re- 
sults to date illustrates its effectiveness. 

P. A. Putnam, R. G. WARNER, AND 
J. K. Loosui 

Department of Animal Husbandry 
Cornell University, 

Ithaca, N. Y. 


REFERENCES 

(1) CunNinGHAM, H. M., Freprick, G. L., AND 
Brisson, G. J. Application of an Inflat- 
able Urethral Catheter for Urine Collee- 
tion from Cows. J. Dairy Sci. 38: 997. 
1955. 

(2) GorskI, J., BLosser, T. H., Murpock, F. R., 
Hopeson, A. S., AND Ers, R. E. A Urine 
and Feees Collecting Apparatus for 
Heifers and Cows. J. Animal Sci. (Sub- 
mitted for publication August, 1256.) 





AN AGAR CULTURE MEDIUM FOR LACTIC ACID STREPTOCOCCI 
AND LACTOBACILLI 


In studies involving isolation of lactie strep- 
tocoeci from various sources it was observed 
that many of the agar media proposed for strep- 
tocoeci and lactobacilli did not support growth 
of fastidious strains of these organisms. Some 
media that did support growth had disadvan- 
tages from standpoint of ease of preparation 
or clarity of medium. Consequently a wider 
investigation was conducted primarily to evalu- 
ate additional agar culture media for their 
ability to support colony growth of fastidious 
lactic streptococci, particularly Streptococcus 
cremoris and 8S. lactis. Other streptococci and 
lactobacilli commonly employed as starter cul- 
tures in dairy products also were included in 
the study. 

Lactic acid bacteria employed as test organ- 
isms in various media included: S. lactis strains 
E, 262, and ATCC 7963; S. cremoris 12, 101, 
127, 144, 169, 208, 275, 300, 306, and ATCC 
9596; S. cremoris var. aromaticus 4, 11, 20, 
and 22E; S. thermophilus S, C-3, and Me; S. 
durans A; Lactobacillus acidophilus Farr; L. 
bulgaricus Gere A; L. lactis 39A; L. casei ATCC 
7469: Leuconostoc dextranicum ATCC 8358 
and 8086; and Leuc. citrovorum 1, 2, and 
ATCC 8081 and 8082. Four different mixed 
strain commercial lactic streptococcus starter 
cultures also were included. Cultures were car- 
ried in 10% reconstituted nonfat dry milk 
solids. Dilutions of culture for plating were 
made in sterile buffered distilled water to pro- 
vide plates with colonies in the range of 30 to 
300 per plate. Two ml. of dilution were trans- 
ferred to respective triplicate plates for each 
organism and test medium. 


Various representative commercial dehy- 
drated culture media were studied for basis 
of comparison or because they had been sug- 
gested for certain types of lactie acid bacteria. 
They included the following Difco products: 
tryptone glucose beef extract agar (old stand- 
ard milk plating medium), tryptone glucose 
yeast extract agar (new standard milk plating 
medium), tomato juice agar, trypsin digest 
agar, liver veal agar, micro-assay culture agar, 
nutritive caseinate agar, whey agar, and stock 
culture agar. Baltimore Biological Laboratory 
dehydrated media included: milk protein hy- 
drolyzate medium (new standard milk plating 
medium), lactalysate agar, eugon agar, tryp- 
ticase soy agar, trypticase sugar agar, and 
lactobacillus selective medium. Dehydrated L- 
stock culture agar of Albimi Laboratories and 
Sunkist Growers’ orange serum agar No. 77 
also were used. , 

The following media reported in the litera- 
ture were compounded in the laboratory accord- 
ing to the authors’ instructions and tested for 
their ability to support colony development 
of the lactic acid bacteria: Briggs tomato juice 
agar, Evans and Niven APT agar, carrot-liver 
agar, Fabian’s V-8 vegetable juice agar, and 
Hunter’s medium. 

The reference or test medium with which 
all others were compared represented a modifi- 
cation of MeLaughlin’s triple sugar agar (1). 
The modified medium has been employed in this 
laboratory for both teaching and research pur- 
poses and has proven superior to all others 
tested from the standpoint of ease of prepara- 
tion, clarity and ease of counting, and colony 
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development of lactic streptococci and most 
other lactic acid bacteria. 

It has been useful not only for lactic strepto- 
cocci but also for other lactic acid bacteria 
found in dairy products, as well as for bae- 
terial counts on silage and other materials 
supporting lactic fermentations. The new 
medium has been termed “lactic agar” and has 
the following composition: tryptone, 2%; 
yeast extract, 0.5%; gelatin, 0.25%; dextrose, 
0.5%; lactose, 0.5%; suerose, 0.5%; sodium 
chloride, 0.4%; sodium acetate, 0.15%; as- 
eorbic acid, 0.05%; agar (Noble), 1.5%; and 
reaction pH 6.8 before sterilization. 

Space does not permit enumeration of results 
with individual media and the numerous varia- 
tions of the experimental medium from which 
the final lactic agar was evolved; however, 
it might be mentioned that most of the media 
reported in the literature appeared to be de- 
signed for specific groups of lactic acid bacteria 
and few supported growth of all strains of the 
lacties tested. The lactic streptococci appeared 
to be particularly fastidious in this respect. 
Some media recommended for lactobacilli pro- 
duced no growth or poor colony development 
of some lactobacillus species. Media that pro- 
vided excellent to very good results with the 
organisms tested are listed as follows in de- 
seending order of effectiveness: Briggs medi- 
um, Fabians’ V-8 vegetable juice agar without 
the brom ecresol green indicator, orange juice 
serum agar with reaction adjusted upward 
to pH 6.8, trypticase sugar agar, and L-stock 
culture agar. 

Some latitude is possible in composition of 
the iaciie agar. Replacement of 0.5% of the 
tryptone in this medium with 0.5% sodium 
easeinate provided excellent growth and aided 
in detection of acid production and protein 
hydrolysis by colonies. Tryptone was selected 
as principal nitrogen source on basis of uni- 
formity and growth-promoting ability. Other 
protein products that appeared to provide 
suitable growth included: Bacto-casamino 


acids, Bacto-peptonized milk, BBL phytone, 
BBL trypticase and BBL polypeptone. Definite 
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stimulation of growth and increase in colony 
size of a number of lactics was provided by 
inclusion of gelatin which is an excellent source 
of glycine, an amino acid present in low con- 
centration in casein hydrolyzates. Yeast ex- 
tract also stimulated colony development of 
some organisms tested. 

Various combinations of only two sugars or 
one sugar alone in some instances showed poorer 
growth than when all three sugars were in- 
cluded. Some strains of S. cremoris var. aro- 
maticus showed slightly better growth on media 
containing glucose alone. Media lacking lactose 
were poor for some species, as for example S. 
thermophilus. Old milk plating agar was 
superior to the new in this respect. 

Number and size of colonies of lactic strep- 
tococci were greater when sodium chloride and 
sodium acetate were added to the lactic medium. 
Substitution of potassium for sodium salts did 
not increase number or size of colonies. As- 
corbie acid did not affect lactic streptococci but 
stimulated growth of some lactobacilli, in par- 
ticular L. bulgaricus. 

Omission of agar from the lactic medium 
provided an excellent broth medium for all 
types of lactic acid bacteria employed in these 
studies. Noble’s agar was included instead of 
flake agar primarily because it resulted in 
greater clarity of medium and thus facilitated 
colony counting and examination. 
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The Control of Rancidity in Milk! 


B. L. Herrineron 


Department of Dairy Industry, Cornell University, Ithaca, New York 


During the past few years the problem of 
rancidity in milk has been growing in im- 
portance, and many people have become inter- 
ested in learning more 
about it. Unfortunately, 
the literature contains 
much that seems con- 
tradictory. Paul Sharp 
used to complain _bit- 
terly that there are two 
kinds of facts: true 
facts, and facts that 
z.in’t so; and it is very 
hard to tell which are 
the “true facets.” It 
might be better to de- 
seribe the — situation 
somewhat differently. 
There are two kinds 
of facts. Some of them 
are always true but many of them are only true 
under special circumstanzes. It is not easy to 
tell which are which; and it is even more difficult 
to recognize the special conditions which de- 
termine whether a fact is true or not true. 

What do we mean when we speak about 
rancid flavors? The word means different 
things to different people. Outside of the dairy 
industry, the term is applied to all forms of 
fat deterioration. When someone is_ talking 
about rancid lard, or cottonseed oil, he usually 
means the material is oxidized. In the dairy in- 
dustry, we try to restrict the term to flavor 
defects resulting from hydrolysis; the reac- 
tion of fat with water. The products formed 
are free fatty acids, di- and monoglycerides, 
and possibly free glycerine. 

The short-chain acids are responsible for the 
odor of rancid milk. Their odor is much more 
apparent when the sample is hot. It may 
escape notice if milk is examined when it is 
very cold. 

The odor of rancid milk is not always the 
same. Sometimes the odor of butyric acid is 
easily recognized but sometimes the odor is 
described as dirty, or as goaty, which suggests 





B. L. Herrington 


*This paper was part of a symposium given at 
the annual meeting, June, 1956. 


that acids of 6, 8, and 10 carbon atoms are 
more abundant. Many years ago Dorner and 
Widmer commented that the rancid flavor of 
homogenized milk was different from the rancid 
flavor of milk which became rancid spontane- 
ously. If this observation is true, it deserves 
more investigation for it might provide an im- 
portant clue to the nature of lipase action. 
In the meantime, one should not expect that 
all rancid milk will smell exactly alike; there 
seems to be some variation in the relative 
amounts of the acids set free. 

In addition to the rancid odor, rancid milk 
may have a bitter taste. The origin of this is 
unknown. It may be due to mono- or diglycer- 
ides. It may be caused by a rearrangement of 
fatty acids in the glyceride molecule. It has 
been reported that glycerides containing bu- 
tyric acid in the alpha position have a bitter 
taste. If this is a “true fact,” it would indicate 
that in milk fat the butyric acid is in the beta 
position. Some people are much more sensitive 
than others to bitter tastes. Some people iiss 
this bitter flavor entirely. 

Rancid milk and cream have another charac- 
teristic which may best be described as a “‘feel.’’ 
This develops slowly, leaving a puckering sen- 
sation in the mouth and an irritation in the 
throat. This may induce coughing, but not 
until a short time has elapsed. 

This deseription of rancid flavor has been 
presented in detail to aid in its identification. 
It may be deseribed more briefly in the words 
of a man who complained about the cream on 
his hot oatmeal: “It stinks.” 

We believe rancidity in milk is caused by an 
enzyme because it can be prevented by heating 
the milk. Pasteurization, as defined by law, is 
adequate to control lipase action in market 
inilk and cream. It may not be adequate to 
prevent rancidity in cream that is to be stored 
for a long time. However, it is customary to 
use higher temperatures when pasteurizing 
cream for storage in order to minimize oxi- 
dation, and that automatically gives increased 
protection against lipase. 

If you read the literature to learn what time 
and temperature is actually needed to destroy 
lipase, you will find many conflicting reports. 
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Part of the discrepancies may be traced to 
the fact that different tests were used to de- 
tect lipase action, and some tests are more sen- 
sitive than others. This may not be the entire 
answer, however. A year ago at the meeting in 
Michigan, we were told that even a few parts 
per million of ferrie iron protected lipase from 
destruction during normal pasteurization. 

Rancidity in milk is caused by an enzyme. 
Strangely enough, this enzyme is present in all 
mixed raw milk. That seems hard to believe 
because most milk samples do not become ran- 
eid during normal storage, but we can prove 
that lipase is present by homogenizing the 
milk. So far as is known, all samples will be- 
come rancid if treated in this way, though, of 
course, not all samples have been tested. Pas- 
teurization will prevent this, and that is 
considered good evidence that an enzyme is 
responsible for the rancidity induced by ho- 
mogenization. 

All milk seems to contain lipase. We have 
reason to believe that a considerable quantity 
is present because if only a small amount of 
raw milk is mixed with homogenized pasteur- 
ized milk, the mixture will usually develop a 
rancid flavor. Larsen, Gould, and Trout used 
a sample of raw milk that showed no rancidity 
after 10 days’ storage. However, when this 
milk was diluted with 4 parts of homogenized 
pasteurized milk, the mixture became rancid in 
one day. Failure of the original milk to become 
rancid in 10 days cannot be explained in terms 
of lack of enzyme. 

Milk lipase is usually considered to be in- 
active in the udder. Our friends in Ohio have 
presented indirect evidence that some lipolysis 
may occur in the udder, but the writer has heard 
of only one case where milk was actually rancid 
at the time of milking. 

If milk is drawn from the udder and held 
warm, the lipase remains relatively inactive. 
When the milk is cooled, lipase action is ac- 
eelerated. Rarely, the increase in activity is 
enormous. The milk may become unmarketable 
in a few hours. Usually, the effect of cooling 
is much smaller, though some samples may be- 
come rancid in 24 hours. In the majority of 
samples, rancidity cannot be found by taste 
even after several days. Nevertheless, chemical 
analysis can show clearly that lipase action is 
proceeding slowly in the cold milk. 

This phenomenon of activating lipolysis by 
cooling needs more study. It is probably re- 
sponsible for the fact that lipolysis in milk 
occurs more rapidly under refrigeration than 
at room temperature. We sometimes describe 
this fact by saying that lipase action in normal 
milk has a negative temperature coefficient. 
Something has a negative temperature co- 
efficient, but we are not sure what it is. 

Ineidentally, when lipase acts upon homog- 
enized milk fat, or some other artificial sub- 
strate, a positive temperature coefficient is 
always observed. The negative temperature 


coefficient is found only when studying fat 
globules with their natural surface ‘“*membrane.” 
This fact suggests that the properties of the 
globule membrane play an important role in 
governing lipase activity. 

In exceptional cases, milk samples become 
rancid within a few hours after cooling. No 
practicable method of preventing this is known 
except by heat treatment. When spontaneous 
rancidity oceurs in the mixed milk of a herd, 
it may be possible to identify the cows respon- 
sible by taking individual samples from each 
cow. The samples should be refrigerated for 
24 hours and then examined for taste and odor. 
If the trouble can be traced to only a few cows, 
their milk should be excluded from the supply. 
If the milk could be heated quickly enough, it 
might be saved. For this purpose, pasteuriza- 
tion would not be needed. Merely heating to 
145° F. and recooling would probably give 
sufficient control until the milk could be pasteur- 
ized. 

Milk that becomes rancid quickly as a result 
ot cooling alone has been called “spontaneously 
rancid milk.” It has been reported that lipase 
action in such milk can be checked by diluting 
it with a relatively small volume of normal milk. 
This is contrary to the writer’s experience, but 
perhaps he has not had the right kind of 
normal milk for dilution. More evidence is 
needed concerning this phenomenon. 

In most samples of raw milk, lipase action is 
so slow that it cannot be detected by taste even 
after many hours of storage. Nevertheless, ran- 
cidity may develop if the milk is subjeeted to 
certain treatments which are said to “activate 
the lipase.” It might be more correct to say 
that we activate the fat globules, though recent 
experiments by W. J. Harper make that less 
certain. The truth is simple. We don’t really 
know what happens except that certain treat- 
ments will cause the milk to become rancid 
much more quickly than it would otherwise. 

Activation by homogenization is the most 
effective means of activating lipolysis. The 
violent shaking of warm milk has a similar 
effect, on a smaller scale. Butter churned from 
raw sweet cream is likely to become rancid. 
This does not happen in sour cream because 
most of the lipase is inactivated by the acid. 

If cold raw milk is warmed to 30° C. and 
recooled, the speed of lipase action is greatly 
increased. We can only guess at the reason for 
this. The upper temperature seems critical. 
Heating to higher or lower temperatures than 
the critical point has much less effect. It may 
be significant that this critical temperature is 
the one at which the fat is almost but not quite 
melted. It is of interest, also, that the tempera- 
ture cycle that produces the maximum activa- 
tion of lipase is the same eyele as that used 
to inerease the body of cream. 

Many have asked if temperature activation 
occurs when warm milk is added to cold milk 
in a farm tank. We have no evidence that it 
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does occur where milk is added continuously to 


the tank during milking. Under these con- 
ditions, it seems doubtful that much of the 


milk is warmed to a high enough temperature 
to cause trouble. The situation might be differ- 
ent if a large amount of warm milk were 
added to the tank at one time. It would seem 
good practice to add the milk to the tank as 
fast as it is drawn from the cows and to be 
sure that the refrigeration and agitator are 
turned on before adding warm milk. 

It might be added that homogenized milk 
does not show temperature activation. This is 
more evidence that the globule membrane plays 
an important role in controlling lipase activity 
in milk. 

In recent years a number of pipeline milkers 
have been installed in New York State. Many 
of them have vertical sections in the line, which 
are called risers. The milk is carried up these 
risers by a large volume of air passing through 
the line. The first time the writer saw a pipeline 
milker in operation, he predicted that the 
churning of milk in these risers would aggra- 
vate the rancid milk problem. Experience has 
confirmed this, not only in New York but in 
other states as well. Milk handled in a pipeline 
without risers is more likely to become rancid 
than milk handled in buckets, and the risk of 
rancidity is greatly increased if the pipeline 
contains one or more risers. In studies along 
these lines, great differences were observed in 
the sensitivity of milk to such treatment. Some 
milks seemed very sensitive, but others could 
tolerate a great deal of abuse. Does this mean 
that there is a difference in the thickness, the 
flexibility, or the toughness of the film around 
the fat globules in different milks? We need 
to know. 

One observation was quite puzzling. The 
milk from a certain herd was very sensitive 
to processing in a pipeline that had no risers 
at all and yet that same milk passed through 
a centrifugal pump without harm. If activation 
were due to agitation alone, why didn’t a cen- 
trifugal pump cause trouble in this milk which 
was so very sensitive? What happened in the 
riser that did not happen in the centrifugal 
pump? Only one difference could be found and 
that was foam formation. 

To test this point, one experiment was set 
up to give a maximum of agitation but no 
foam, and another experiment was planned to 
yield foam with a minimum of agitation. For 
maximum agitation a Waring Blendor was 
used. It was completely filled with milk to ex- 
clude all air. This was operated by a one- 
quarter horsepower motor which drove the 
agitator blades at more than 10,000 r.p.m. To 
produce foaming with minimum agitation, air 
was bubbled through a column of milk. The 
results were clear-cut. Foaming, not violent 
agitation, was associated with the development 
of rancidity. This seems to be purely a physi- 
cal phenomenon. The nature of the gas in the 
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foam is not important; air, nitrogen, or oxygen 
—it makes no difference. 

These experiments have been repeated and 
confirmed by Tarassuk in California. His study 
is reported in the Journal of Dairy Science, 38: 
438, 1955. 

It was suspected that the violent agitation 
in the risers was partially homogenizing the 
milk and that this was responsible for the de- 
velopment of rancidity. This explanation seemed 
less likely when it was discovered that the 
violent agitation of milk in a filled Waring 
Blendor did not produce rancidity. To study 
this problem, a special technique was developed 
to measure the break-up of fat globules. When 
the Waring Blendor was completely filled, very 
few fat globules were broken, but when air 
was admitted and foaming occurred, the num- 
ber of very small globules increased many fold. 
This was surprising, but it offers a clue for the 
study of the effect of foaming upon milk. 

The lesson taught by these experiments is 
relatively simple even though we do not under- 
stand the details. We must examine our milk- 
ing machines, pipelines, and pumps and re- 
design them whenever possible to keep foaming 
at a minimum in order to keep lipase action at a 
minimum. 

Foaming is not serious in cold milk. As milk 
is cooled below 30° C., there is a rapid loss 
of sensitivity to foaming. This is probably the 
reason why we have not been able to trace 
raneidity to the mechanical agitation in farm 
tanks. Trouble might develop if the agitators 
were run without refrigeration. 

It seems desirable to say a few words about 
methods of measuring lipase activity in milk. 
Some people have tried to record numerical 
values for flavor and odor but they have not 
all used the same techniques. Rancidity, which 
might be missed when examining cold milk, can 
be found more easily if the milk is heated before 
examination. That should always be done when 
you are looking for rancidity. Unfortunately, 
organoleptic analysis is unable to reveal the 
changes that take place before flavors appear. 
Tasting gives no warning of trouble before it 
arrives. For that reason, a number of labora- 
tory methods have been developed for meas- 
urement of the fatty acids set free by lipase 
action. These methods usually involve two 
steps: first, the recovery of the fat and a part 
of the free fatty acids; second, measurement 
of the free acid in the fat. A number of pro- 
cedures are used to recover the fat for analysis, 
but they are not equally efficient. We can 
prepare fat samples by churning. When we do 
so, we lose most of the water-soluble acids. We 
can extract the fat with solvents. These re- 
cover part of the water-soluble acids, but not 
all. Nevertheless, fat prepared in this way 
shows. greater.-acidity. when titrated than fat 
prepared by churning. Some have used de- 
tergents to recover the fat, but the materials 
added to the milk seem to increase the solubility 
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of the acids in the water layer. Fat prepared in 
this way contains less acid than that prepared 
by churning. Each procedure is useful, but their 
results are not interchangeable. When you re- 
port temperatures, you must indicate whether 
you used the Centigrade or Fahrenheit scales. 
When you report acid degree values, you should 
always tell how the fat was isolated for analysis. 

There is much that we do not know about 
lipase action in milk. Much that has been re- 
ported seems contradictory because different 
workers have used different methods to study 
different milk supplies. We must remember 
that what is true under one set of conditions 
may not be true under other conditions. 

There should be closer cooperation among 
those doing research in this field. It would be 
easier to compare results if we could reduce the 
number of variables involved. It is probably 
impossible for everyone to use the same milk, 
though that would be most desirable. It might 
be possible to exchange samples of heated milk 
to compare analytical methods. 

There are many problems that need investi- 
gation: 

Why is milk lipase inactive in the udder? 


Why does cooling milk speed up lipase action, 
and why is there so much variation in the re- 
sponse of different milks to this treatment? 

At one dairy plant, Sharp and DeTomasi 
found a correlation between the chloride con- 
tent of milks and their lipolytic activity. Is this 
generally true? 

Why do some samples of milk seem much 
more sensitive to handling in pipelines than 
others? 

Several people have reported that milk fat 
containing free fatty acids is more susceptible 
to oxidation. Is there any relation between 
lipase activity and the susceptibility of milk 
to oxidation ? 

How can we measure damage to the fat 
globule membrane? 

What changes occur in the surface membrane 
on tat globules as a result of warming, cool- 
ing, and agitation? 

What is the explanation for temperature 
activation ? 

How can we isolate and separate the lipases 
of milk? 

It will not be easy to find answers to these 
questions. Who wants to try? 





General Technology of Cheese Manufacture’ 


W. J. Harper anp T. KRISTOFFERSEN 
Department of Dairy Technology, The Ohio State University, Columbus 


The object of the various cheese manutac- 
turing procedures is to establish conditions suit- 
able for the biochemical and physical changes 
which are responsible for the development of 
characteristic body and flavor. With over 400 
varieties of cheese known, over 400 meth- 
ods of manufacture are employed for that 
purpose. However, the treatments by which all 
of these varieties are brought into their final 
state, that is just before being placed in the 
euring room, have much in common for all 
varieties. 

The basie steps for changing milk into cheese 
are: (1) addition of starters for acid develop- 
ment, (2) curd formation, (3) cutting, (4) firm- 
ing the curd, (5) draining and pressing, and 
(6) salting. By variations in the application 
of the above steps, finished cheese of widely 
different physical-chemical properties are ob- 
tained. 

A general coverage of the significance of each 
step in the cheese-making procedure will sim- 
plify the diseussion of the individual cheese 
varieties. 





*The purpose of this article is to furnish those 
unskilled in the science of cheesemaking with a 
better understanding of the basic steps involved 
in the manufacture of the various types of cheese. 


Starter cultures. Starters of lactic acid or- 
ganisms are used for the majority of cheese 
varieties. These bacteria develop lactic acid 
from lactose, thereby lowering pH of the 
cheese. The starter bacteria most commonly 
used are Streptococcus lactis or Streptococcus 
cremoris, Streptococcus thermophilus, Lacto- 
bacillus bulgaricus and Lactobacillus lactis. 
The former two organisms are usually used 
for cheese where the cooking temperature does 
not exceed 102-104° F. and the latter organisms 
are used for cheese where the curd is treated at 
temperatures beyond 104° F. 

Starter is added to the milk some time prior 
to addition of the coagulant. The amount used 
and the length of the period before rennet is 
added depend on the amount of acid and the 
rate of acid development desired. The proper 
acid development, or pH, established in the 
finished cheese prior to curing varies from 4.7 
to 5.5, depending upon variety. However, the 
pH of a given variety generally has to be 
within + 0.1 pH unit of the desired level or 
inferior cheese will result from off-fermenta- 
tions. 

The majority of the foreign varieties of 
cheese requires a rather slow acid development 
compared to Cheddar cheese. For this reason, 
a smaller amount of starter is used. This 
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Courtesy of Kraft Food Company 
for soft 
moisture in the 
relatively closed texture 


Fic. 1. Hooping the curd types of 
cheese. The whey helps retain 
cheese and results in a 
cheese. 


ranges from 0.1 to 1% with an average of 
about 0.5%. In some cases the cheesemaker 
depends on naturally present lactic acid organ- 
isms to produce the desired amount of acid. 
This is particularly true where cheese is 
produced on the farm from which the milk is 
obtained and where manufacturing methods 
have not been standardized. 

Coagulation. The property of the protein, 
casein, which permits its coagulation by acid 
or rennet is a key essential to cheesemaking. 
Coagulation of the milk or eurd formation is 
usually accomplished by addition of the enzyme, 
rennin, to the milk. Rennin may be added in 
the form of an extract, powder, or paste pre- 
pared from the stomachs of young mammals, 
usually calves. The coagulation of casein by 
rennin is now generally accepted as being a two- 
step process. The first step involves the action 
of rennin in causing a proteolytic cleavage in 
the protein. The second step, which results in 
coagulation, involves calcium ions, which may 
act to form a high molecular weight polymer 
that forms the coagulum. 

The amount of rennin, setting temperature, 
and setting time vary with the type of cheese 
and are related to the desired curd firmness. 
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The amount used ranges from 114-4 oz. rennet 
extract per 1,000 lb. of milk, the temperature 
from 84° to 92° F., and the time from 20 to 
90 minutes. The more rennet, the higher the 
temperature, or the longer the setting time, 
the firmer is the resulting coagulum. Compara- 
tively little rennet and short setting time are 
used for Swiss cheese, for which the curd is 
cut fine and high cooking temperatures are de- 
pended on to firm the curd. On the other hand, 
more rennet and longer setting time are used for 
Blue cheese, for which the curd is cut in larger 
cubes and heat is not used to firm the curd. 
Although rennin has been found the most 
suitable coagulant for the majority of cheese 
varieties, certain types of cheese, such as Sap- 
sago and Gammelost, use acid as a coagulant. 
The acid is usually developed by lactic acid 
bacteria. Curd formed in this manner is dis- 
tinetly different from rennet-coagulated curd 
and results in distinet types of cheese. 
Cutting. After the coagulum has reached the 
desired firmness it is cut. The object of cutting 
is to divide the large mass of curd into smaller, 
uniform particles in order that moisture may be 
more easily expelled. For most varieties the 
common American cheese knives are used 
whereby the curd is cut into cubes of specific 
uniform size ranging from 3/16 to 3/4 in. eubes. 
Special instruments, like the harp and the 
sabre, may be used for types like Swiss and 
Camembert, respectively. The modern ime- 
chanical vats are equipped with cutting devices, 
which may use wires strung vertically, diagon- 
ally, or in a grid form in a metal frame. These 
knives are applied mechanically to the curd 
until desired particle size has been obtained. 
The cutting of the curd is the initial step 
in controlling the moisture content of the 
finished cheese. The retention of moisture in 
the curd is directly related to the size of the 
cut. Examples of different sized cuts are Cam- 
embert, which may not be cut at all or only 





Courtesy of Kraft Food Company 
Blue cheese curd is drained of free whey 
before hooping. This results in an open texture 
essential for this type of cheese. 


Fig. 2. 
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Courtesy of Olson Publishing Company 


Fig. 3. When eye formation is desired, the 
eurd is allowed to mat under whey to form a close 
texture free from mechanical openings. After 
matting, the curd is eut in blocks of desired size 
before hooping. 


in large, irregular chunks; Blue cheese and 
Tilsit represent types with a medium cut of 
about 34-14 in. eubes; and Swiss and Parme- 
san curd is usually worked until the individual 
particles are the size of wheat grains. 

Firming the curd. Firming of the curd in 
general can be divided into three phases — 
preworking, heating, and cooking. The moisture 
content of the finished cheese is controlled by 


utilizing various combinations of these three 
factors. 
During preworking the curd is agitated 


gently just enough to keep it from matting. 
Excessive agitation will break the curd particles 
and result in lower yields and excessive fat 
losses. Cheese in which a high moisture content 
is desired may be firmed entirely by preworking, 
and in this case no heating is used. The curd 
may be allowed to rest undisturhed from 0 to 
36 minutes before hooping, or the curd may be 
agitated intermittently for 1 to 2 hours and then 
hooped. 

When heat is used, the curd is preworked 
10-20 minutes, then agitation is increased and 
heat applied slowly. The desired temperature 
should be reached in 20-50 minutes depending 
on the type of cheese being made. Too rapid 
application of heat may result in lumping and 
formation of a film on the surface of the curd 
particles, preventing proper expulsion of whey. 
After heating, the curd is cooked, usually under 
constant agitation, until desired firmness has 
been reached. 
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Gouda, a firm-bodied cheese, is heated to 100- 
104° F., and the entire treatment may take 
1-114 hours. Parmesan, a very firm-bodied 
cheese, may be heated to as high as 125-135° 
F., and the firming process lasts about 2 hours. 

During the firming process, the eurd par- 
ticles contract and whey is expelled from the 
curd, The contraction is brought about by both 
acid formation and heat. The types of cheese 
that are not heated beyond the setting tempera- 
ture rely mostly on acid development for whey 
expulsion. With cheese heated to 95-104° F., 
the firming of the curd is the combined effect of 
acid development and heat. Cheese heated to 
115-130° F. is almost entirely firmed by heat, 
since very little acid is developed prior to 
pressing. 

Heat can be applied either by indirect steam 
or by withdrawing part of the whey and re- 
placing it with warm or hot water. The method 
employed depends on the body and flavor 
characteristics desired. Heating by addition of 
warm water results in cheese with a softer and 
more elastic body and the cheese has a tendency 
to be more susceptible to off flavors than that 
of comparable cheese heated by indirect steam. 
The reason for this is that the water washes 
out part of the lactose, resulting in less total 
lactic acid being formed. 

Whey removal. When the curd has reached 
the desired firmness, the whey is removed. The 
curd is then hooped and pressed. High moisture 
cheese, such as Port Salut, usually is dipped 
out of the vat into the hoop along with some 
whey. The harder varieties are usually dipped 
with as little whey as possible. For stirred curd 
varieties, such as Gouda, where mechanical 
openings are a characteristic of the cheese, 
the whey is removed completely before the 
curd is hooped as individual particles. For 
varieties where eye formation is desired, like 
Samsoe, the curd is allowed to mat and is as- 
sembled under whey and removed in one solid 
mass, resulting in a tightly knitted cheese. 

After the curd is hooped, pressure may be 
applied. Some soft cheeses like Camembert or 
cheeses with an open texture like Blue and Tilsit 
are not pressed. The amount of pressure ap- 
plied on pressed cheese varies from 1 to 3 lb. 
on Limburger to 2,000-4,000 lb. on Swiss. 

The object of pressing is to aid in removal 
of whey from the curd and to give the finished 
cheese a closed surface. A bandage or cloth 
is usually placed around the cheese. 

Salting. Salt is applied to most varieties of 
cheese to control undesirable fermentations. In 
some varieties part or all of the salt may be 
added at some time before hooping. In general, 
the penetration of the salt into the curd is in- 
versely proportional to the time between dip- 
ping and salting. 

When salting is applied during the making 
of the cheese, the purpose is to firm the curd 
and to slow down or, in extreme cases, even 
prevent further activity of the starter organ- 
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isms. However, most varieties are salted after 
pressing. The prime purposes of salting at 
this stage are to firm the cheese so it will 
retain its shape and to control fermentations 
during curing. For example, proteolysis is 
favored by low salt content. Cheeses like Bel 
2aese and Port Salut, where the flavor is due 
primarily to protein breakdown, are low in 
salt. Cheeses like Swiss and Romano, where 
less extensive proteolysis is desired, are high 
in salt. 

Brine salting and dry salting or a combi- 
nation of the two are the methods used for 
salting the finished cheese. Of these, brine 
salting is the more rapid method and is usually 
applied to cheese where some rind formation is 


desired and is always used for larger cheese 
because of the ease of handling and the extra 
amount of time that would be involved in apply- 
ing dry salting. The cheese is placed in a 
nearly saturated brine solution at approxi- 
mately 50° F. The length of time of submersion 
depends on the desired salt concentration in the 
finished cheese, the size of the cheese, and the 
concentration and temperature of the brine. 

Dry salting is accomplished by distributing 
salt over the surface of the finished cheese, 
repeating at 24-hour intervals as many times 
as needed, depending on the desired salt con- 
tent of the cheese. Dry salting is a relatively 
slow and mild treatment and is usually applied 
to cheese where little or no rind is wanted. 





Gestation Period for Holstein-Friesian Cows 


H. W. Norron, Jr. 
Holstein-Friesian Association of America, Brattleboro, Vt. 


Over the years many studies have been made 
of the period of gestation in cattle and the 
literature contains many references to these 
investigations, several dating back more than 
a century. Some of these reports deal pri- 
marily with the average length of the period 
the cow earries her calf, and others have con- 
sidered the effect of breed, sex, age of cow, 
season of year in which birth occurred, singles 
as compared to twins, ete. A gestation table 
is very convenient for the cattle breeder in de- 
termining as closely as possible the expected 
date of parturition in order that the cow may 
be properly prepared. Many firms dealing with 
livstock breeders supply their customers with 
gestation tables, and many textbooks devoted 
to livestock breeding include gestation tables for 
different species of farm animals. 

Feeds and Feeding, by Morrison, 20th ed., 
1936, says, “The average gestation period of 
cows is placed by most writers at 280 to 285 
days; however, in studies of the gestation 
periods for cows of the leading dairy breeds, 
the average period has been only 278 to 280 
days.” 

Dairy Cattle and Milk Production, by Eckles, 
1939, gives a gestation table fo: cattle based on 
282 days. 

Dairy Science, by Petersen, 1939, gives 
281 days as the average gestation period for 
cows with about equal chances for calving on 
any day from the 275th to the 287th day after 
service. 

Breeding and Improvement of Farm Animals, 
by Rice, 1942, gives a gestation table for cattle 
based on 281 days. 

Dairy Cattle Breeding, by Gilmore, 1950, 
gives a gestation table for dairy cattle in which 
breed differences are recognized: Holsteins, 


Ayrshires and Jerseys are based on 278 days; 
Guernseys, 283; and Brown Swiss, 289 days. 
Detailed reports of the different studies that 
have been published would require considerable 
space, and this discussion is confined to sum- 
maries of the findings with Holstein-Friesians 
and brief reports of some of the conclusions. 

One of the most extensive studies was made 
by J. C. Knott, State College of Washington, 
Journal of Dairy Science, 15: 87.1932. The data 
used were obtained from Carnation Farms, 
Western State Hospital, and Washington State 
College Holstein herds. All gestation periods 
terminated by the birth of living calves were 
included, except those where the breeding ree- 
ords were marked to show an abnormal calving. 
The average length of 2,824 gestation periods 
that terminated with single births was 279.9 
days. In these studies both terminal dates, that 
is, the date of service and the date of birth, 
were included. These 2,824 cases ranged from 
262 days for the shortest to 296 for the longest 
with 1,273 or 45.1% from 270 to 279 days, in- 
elusive, and 1,427 or 50.5% frém 280 to 289 
days, inclusive. 

The distribution chart showed fewer calves 
born the 280th day (the mean) than on the 
279th, 281st, or 282nd day. The average gesta- 
tion period for 1,441 male calves in this study 
was 280.4 days as compared with an average 
of 279.4 days for 1,383 female calves. These 
studies revealed 86 sets of twins not included 
with the figures above, for which the average 
gestation period was 275.5 days, or 4.4 days 
less than for the single births. The 86 sets of 
twins included 24 male and male, 42 male and 
female, and 20 female and female. 

A study of “Factors associated with the du- 
ration of gestation in dairy cattle,” by Brakel, 
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Rife and Salisbury of Ohio State University was 
published in the Journal of Dairy Science, 35: 
179. 1952. The data used in these studies were 
compiled from the records of the Ohio State 
University purebred dairy herd from 1922 to 
1949. These records included 354 Holstein 
ealves born singly, and the average length 
of gestation was 278.57 days, not counting the 
date of service, with a range from 260 days for 
the shortest to 299 days for the longest period. 
There were 149 or 42.1% of the total carried 
from 275 to 279 days and 94 or 26.5% of the 
total earried from 280 to 284 days. Male 
ealves were carried 0.77 day longer than 
females and twins were carried 3.4 days less 
than ealves born singly. 

Other data, some of which have not been pub- 
lished, include a report from Dr. Rice, Uni- 
versity of Massachusetts, showing an average 
of 278.2 days for 50 cows in the University 
Holstein herd. Heizer gives the following 
data from the University of Wisconsin Hol- 
stein herd: 

185 heifer calves carried 275.6 days 

170 bull calves carried 277.9 days 

355 ealves, both sexes, carried 276.7 days 

Yapp and Alexander. report for the Univer- 
sity of Illinois Holstein herd: 

337 female calves carried 279.9 days 

329 male calves carried 281.2 days 

666 calves, singles of both sexes carried 280.4 

days 

Other interesting observations are reported 
in some of these studies. Knott found that 
the gestation period increased with the age 
of the dam up to 6 years and then tended to 
decrease slightly. He found that the length of 
gestation was approximately 1144 days longer 
for 6-year-old cows than for 2-year-olds. This 
was corroborated by Brakel at Ohio. Both Knott 
and Brakel found a relationship between the 
time the cow herself was carred in dam and 
the length of gestation of her calves. Brakel 
reports that spring-calving cows carried their 
calves 2 days longer on the average than cows 
calving in the fall. 

For many years the Holstein-Friesian As- 
sociation of America published and used a 
gestation table based on 283 days. This was 
changed in 1951 to 279 days and since then we 
have had some inquiries and objections from 
breeders who felt that the longer period was 
more nearly correct for the breed. The change 
was made on the basis of the many studies 
which we have reported in this article, but it ap- 
peared desirable to make some studies of our 
own records for comparison with the published 
data. 

We decided to use the applications for regis- 
try which had been filed by the owners of ten 
well known and widely scattered herds, each 
using a prefix name which enabled us to locate 
them readily from the alphabetical index in the 
herdbook. The original registry applications 
are held for approximately 5 years before de- 


stroying after they have been photographed 
on recordak film. Since for our special purpose 
it was much easier to work with the applica- 
tions, the studies were made from applications 
filed during the past 5 years. In these selections 
only applications which showed both terminal 
dates were used; applications for calves result- 
ing from pasture service and applications for 
re-registration of calves recorded in the Ca- 
nadian Herdbook were rejected because the 
service date was not available. Service and 
birth dates on the application were compared 
with our regular gestation table of 279 days, 
which includes both service and birth dates, 
and the gestation period for each calf was de- 
termined. Applications were kept separate 
according to sex and owner, and twin births 
were considered separately. 

Applications examined from these ten herds 
included : 

1,193 females, born singly and earried 333,244 
days averaging 279.4 
760 males, born singly and earried 213,383 
days averaging 280.8 
1,953 ealves of both sexes carried 546,627 
days averaging 279.9 
Gestation periods of these 1,953 calves varied 
from 260 to 305 days and 73% were born within 
the 11-day period, 275-285 days after date of 
service. Births of 33 twins recorded showed an 
average gestation period of 275.1 days, or 4.8 
days less than the 279.9 day average for the 
1,953 single calves. 

To supplement these figures we decided to 
take a random sample of approximately 1,000 
male calves, born singly, and an equal number 
of females. For this group we selected every 
LOth male recorded, starting with No. 1,085,500 
and every 25th female starting with No. 3,417,- 
500. The random sample applications included 
1,106 single born females, 959 single born 
males, and 29 twin ealves (11 females and 18 
males). 

1,106 females, born singly and carried 310,236 
days averaging 280.4 
959 males, born singly and carried 270,092 
days averaging 281.6 
2,065 calves, male and female, carried 580,328 
days averaging 281.0 
The 29 twin calves in the random sample group 
averaged 275.6 days, or 5.4 days less than the 
281 day average for the 2,065 single born calves. 
Gestation periods of the 2,065 single born 
calves, males and females, ranged from 260 to 
300 days, and 77.6% were born within the 
ll-day period, 275-285 days after date of 
service. 

Combining the two groups, those selected 
from the ten herds and those selected at ran- 
dom, we have the following figures for 4,018 
calves, including 2,299 females and 1,719 males, 
all single born calves: 

2,299 females were carried 643,480 days, an 
average of 279.9 days. 














OUR 


No. of 
gestation 
periods 


Average 
No. days 





Wing (Cornell) 1899 97 280 (?) 
McCandlish (Iowa) 1922 111 278 (7%) 
Fitch (Kansas) 1924 220 281 (2) 
Knott (Washington) 1932 2824 279.9 (2) 
Kncop (Ohio) 1934 432 278.8 (1) 
Henderson (Cornell) 1938 437 279.8 (7) 
Herman (Missouri) 1947 962 278.1 (1) 
Alexander (Illinois) 1950 666 280.4 (?) 
Heizer (Wisconsin) 1951 355 276.7 (7) 
Brakel (Ohio) 1952 354 278.6 (1) 
H.-F. Ass’n. of Amerien 

(1956) 4018 280.5 (2) 


(?) Count of terminal dates not reported 
(1) Birth date only counted 


(2) Both terminal dates included in count 





1,719 males were carried 483,475 days, an aver- 
age of 281.2 days. 
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1018 males and females were carried 1,126,955 
days, an average of 280.5 days. 

For convenient reference we present the fol- 
lowing table which includes most of the studies 
reported for Holsteins and indicates whether 
one or both terminal dates were included in the 
count, if the report included this information. 

Summary figures for several studies of length 
of gestation period for Holsteins are given in 
the opposite column. 

These summary figures from 11 separate 
studies show as close agreement as might be 
expected. In three studies where both terminal 


dates were included the averages were 279.9, 
280.5 and 281 days. The three studies which 


included only the date of birth averaged 278.1, 
278.6, and 278.9 days, and the other five where 
the method of counting was not reported ranged 
from 276.7 to 280 days. In the studies which 
included the largest numbers, Knott found an 
average of 279.9 days for 2,824 calves, and 
figures for 4,018 calves taken from the registry 
applications in the office of the Holstein- 
Friesian Association of America showed an 
average of 280.5 days. 
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643. Currents in Biochemical Research 1956. 
Edited by Davin E. Green. Interscience Pub- 
lishers, Inc. 697 pp. $10.00 (1956). 


Currents in Biochemical Research is com- 
posed of 27 on biochemical subjects. 
The authors are recognized specialists writing 
about problems with which they have made 


significant research contributions. 


essays 


In the manner of Volume I the contributors 
to the 1956 edition attempted to make a survey 
(for the most part a decennial survey) of 
“progress in most, although by no means all 
important fields of biochemical research.” “The 
objectives of these essays have been to com- 
municate to nonspecialists an over-all impres- 
sion of the present status of the significant 
problems in each field, to point up the broad 
strategy of current research, and finally, to 
speculate on the likely paths of future re- 
search.” 

As one might expect, some topics are treated 
in a highly specialized manner while others are 
readily appreciated by the “nonspecialist.” It 
is noteworthy that the most significant contri- 
butions of the volume appeal not to the “non- 
specialist” but to the active experimentalist. 
This is not surprising as the editor requested 
specialists to elaborate on their own problems. 
In spite of the hazards involved in singling 
out specific contributions from such a distin- 
guished array of authors one might ask if 
such chapters as Enzyme-Substrate Compounds 
and Electron Transfer, and Enzyme Kinetics, 
both of which are masterfully done, are writ- 
ten for the nonspecialist. Space does not permit 
a discussion of the 27 individual chapters. As 
the annual reviews often tend to become a col- 
lection of references, this more philosophical 
appraisal of the problems of biochemistry has 
a distinctive function. 

Many readers will recognize important areas 
not covered by the volume. Expansion of the 
scope to encompass other areas of research 
should be encouraged. The chapters and au- 
thors are listed below: 


Chemistry and Viral Growth by A. D. Her- 
shey; Photosynthesis by J. A. Bassham and 
M. Calvin; Bacterial Fermentations by H. A. 
Barker; Some Aspects of Vitamin and Growth 
Factor Research by Esmond E. Snell; The Sig- 
nificance of Induced Enzyme Formation by 
S. Spiegelman and A. M. Campbell; Certain 
Problems in the Biochemical Study of Disease 
by DeWitt Stetten, Jr.; The Hormones, Their 
Present Significance, Their Future by Gregory 
Pincus; Problems of Cellular Biochemistry by 
Carl F. Cori; Enzymes as Reagents by Efraim 
Racker; Attempts at the Formulation of some 
Basie Biochemical Questions by Fritz Lipmann; 
Enzyme Complexes and Complex Enzymes by 
Henry R. Mahler; Relations between Prosthetic 
Groups, Coenzymes and Enzymes by Hugo 
Theorell; HEnzyme-Substrate Compounds and 
Electron Transfer by Britton Chance; On the 
Nature of Hemoprotein Reactions by Philip 
George; Aspects of Protein Structure by Bar- 
bara W. Low and John T. Edsall; The Strue- 
ture of Insulin by F. Sanger; A New Concept 
of Ribonueleie Acids by Waldo E. Cohn; Chem- 
ical Structure as a Guide to the Study of Bio- 
chemical Syntheses by Konrad Bloch; The Role 
ot Nucleotides and Coenzymes in Enzymatic 
Processes by Frank M. Huennekens; The Bio- 
synthesis of Porphyrins; The Succinate-Glycine 
Cycle by David Shemin; Problems in the Study 
of Multiple Enzyme Systems by G. Robert 
Greenberg; Enzyme Kinetics by Robert A. Al- 
berty; The Intereonversion of Sugars in Na- 
ture by Luis F. Leloir; A Theoty of the Pri- 
mary Event in Musele Action by Manuel F. 
Morales and Jean Botts; Trends in Biochem- 
istry of Nerve Activity by David Nachmansohn 
and Irwin B. Wilson; Blood: Some Functional 
Considerations by Douglas M. Surgenor; An 
Integrated Concept of Carcinogenesis by Har- 
old P. Rusch. R. G. Hansen 


644. Process Cheese Abstracts. D. M. Irvine 
and W. V. Pricse, Dept. of Dairy and Food 
Ind., Univ. of Wisconsin., Madison. 1955. 

The literature pertaining to process cheese, 
process cheese food, and process cheese spread, 
has been reviewed, abstracted and published in 
a mimeographed booklet of 71 pages. 
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The references have been classified under two 
general headings with several subdivisions as 
follows: 

Products. 


Related 


Dealing 


I. Processed Cheese and 
A. General Information with 
Processed Products 
B. Analysis and Chemical Composition 
C. Body and Texture 
D. Cheese Types Used in Processing 
kk. Defeets—Physical and Chemical 
F. Emulsifiers and Stabilizers 
G. Equipment 
H. Ingredients—Non-cheese 
I. Methods of Processing and Manufac- 
turing 
J. Paekaging 
K. Preservatives 
L. Spreads 
M. Spoilage and Bacteriology 
II. Patents of Processed Cheese and Related 
Products. 
A. Cheese Food Products 
B. Emulsifiers 
C. Process Equipment 
D. Process, Packaging 
EK. Preservatives 
The references are arranged alphabetically 
by authors under each sub-division. 
The publication is an excellent reference for 
those who are working with process cheese. 
S. L. Tuckey 


CHEESE 


645. Cheese making apparatus and method. 
C. Conen and M. L. CoHEN (assignors to 
Chain-O-Lakes, Ine., Waupaea, Wis.). U.,S. 


Patent 2,761,376. 7 claims. Sept. 4, 1956. 
Offic. Gaz. U. S. Pat. Office, 710, 1: 65-66. 
1956. 


telescoping type of 


R. Whitaker 


A eylindrical shaped 
cheese hoop is described. 


646. Cheese packing. ©. Pauny. U.S. Patent 
2,760,430. 1 claim. Aug. 28, 1956. Offic. Gaz. 


U. S. Pat. Office, 709, 4: 818. 1956. 

Details are given regarding the construction 
and asseinbly of a box for holding cylindrical 
shaped cheese during storage and shipping. 


R. Whitaker 


647. Cheese cutting machine. B. T. HENSGEN 
and W. H. BELAND (assignors to Swift and 
Company, Chicago, Ill.). U. S. Patent 2,760,- 
248. 15 claims. Aug. 28, 1956. Offic. Gaz. 
U. S. Pat. Office, 709, 4: 772. 1956. 

A device is described for cutting large blocks 
of cheese into retail size portions. 


R. Whitaker 


648. Apparatus for producing individually 
wrapped cheese slabs. A. N. NAWROCKI (as- 


signor to Clearfield Cheese Company, Cur- 





ABSTRACTS OF LITERATURE 


2,759,308. 2 
S. Pat. 


wensville, Pa.). U. S. Patent 
claims. Aug. 21, 1956. Offie. Gaz. U. 
Office, 709, 3: 535. 1956. 

A thin sheet of process cheese is extruded 
between two sheets of flexible wrapping mate- 
rial which are continuous heat sealed along 
the edges. The flow is uniformly periodically 
interrupted to permit heat sealing across the 
strip to complete the rectangular shaped pack- 
age. R. Whitaker 
649. Processing of miik products. J. P. Jen- 
seN. U.S. Patent 2,758,925. 17 claims. Aug. 
14, 1956. Offie. Gaz. U. S. Pat. Office, 709, 
2: 420. 1956. 

Dairy products such as cheese, butter, casein, 
dried milk, condensed milk, ete. are made with 
a small amount of glycerol and either an acid 
R. Whitaker 


or a base. 


CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 


Whipping products and process of man- 
E. Ropgers, R. G. Henika, and 
(assignors to Western Con- 
Patent 2,765,232. 9 
Gaz. U. S. Pat. 


650. 
ufacture. N. 
R. E. Mierscu 
densing Company) U. 8. 
¢laims. Oct. 2, 1956. Offie. 
Office, 711, 1: 123. 1956. 

Whey is deproteinated with a nontoxie solu- 
ble iron salt at a concentration of 0.0015 to 
.01 molar, within a pH range of 3.0 to 4.7 
and at a temperature ranging from 65 to 95° C. 
The remaining serum has desirable whipping 
and foam stabilizing properties. 


R. Whitaker 


651. Dry soluble casein mix and method of 
preparing same. H. S. ELDEN (assignor to Na- 
tional Gypsum Company, Buffalo, N. Y.). U.S. 
Patent 2,758,034. 10 claims. Aug. 7, 1956. 
Offie. Gaz. U.S. Pat. Office, 709, 1: 176. 1956. 

A dry paint or cement mix, consisting of 
casein and an ammonium salt, which when 
mixed with water, has a pH of 6.0 to 9.0. 

R. Whitaker 


DAIRY BACTERIOLOGY 


652. Thermal resistance of food poisoning 
organisms in poultry stuffing. R. C. WesstTer 
and W. B. EsseLen, Dept. of Technol., Univ. 
of Mass., Amherst. J. Milk and Food Technoi., 
19, 209. 1956. 

The thermal death time of Salmonella enter- 
iditis, pyogenes var. and 
Streptococcus faecalis was studied in poultry 
stuffing. A temperature of 165° F. reached in 
the center of the stuffing during the roasting 
destroyed the test organisms. S. faecalis ex- 
hibited a much higher degree of heat resistanee 
than Micrococcus and Salmonella. It was con- 
cluded that 165° F. was satisfactory to destroy 
food poisoning organisms. H. H. Weiser 


Micrococcus aureus 
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653. The hydrogenation of dietary unsatu- 
rated fatty acids by the ruminant. R. REISER 
and H. G. R. Reppy, Dept. of Biochem. and 
Nutrition, Texas Agr. Expt. Sta., College Sta- 
tion. J. Am. Oil Chem. Soe., 33, 155. 1956. 

Goats were fed alfalfa meal containing 10% 
cottonseed or linseed oil. After 11 weeks the 
fatty acids of rumen, stomach, and caecum 
contents were compared to those of the feed. 
The high levels of linoleic and linolenie acids 
of the feed were reduced to very low levels 
in the rumen, with comparable increases in the 
saturated acids. Monoethenoid acids were in- 
ereased after linseed oil ingestion and in one 
animal after cottonseed oil ingestion. 

F, A. Kummerow 


654. The chemistry of polymerized oils. V. 
The autoxidation of methyl linoleate. H. H. 
Seputon and D. A. Surron, Natl. Chem. Re- 
search Lab., Pretoria, South Africa. J. Am. 
Oil Chem. Soe., 33, 263. 1956. 

The geometrical forms obtained during au- 
toxidation of methyl linoleate at ordinary tem- 
peratures are largely conjugated cis-trans and 
trans-trans as shown by previous workers. 
There is a possibility that conjugated cis-cis 
forms also are produced. The trans-trans mole- 
cules arise partly, at least, by thermal rear- 
rangement of already formed cis-trans peroxide. 
Some proportion, at least, of the cis-trans mole- 
eules have their trans double bonds nearest to 
the hydroperoxide group. F. A. Kummerow 


655. Adapting some official methods to the 
semi-micro range. R. P. A. Sims and B. Stone, 
Can. Dept. of Agr., Ottawa, Ontario. J. Am. 
Oil Chem. Soe., 33, 287. 1956. 

Occasionally only a limited amount of mate- 
rial is available for analysis and although 
chromatography could be used to determine 
composition, conventional indices are required. 
This situation can be met by extending the 
range of established micro-techniques or by 
adapting official methods to smaller sample 
size. The latter alternative was taken to deter- 
mine oil content, iodine value, saponification 
and neutralization equivalents, polyunsaturated 
fatty acids, and solid fatty acids. 

F. A. Kummerow 


656. A paper chromatographic procedure for 
separating 1-mono-, 1,3-di and triglycerides, 
cholesterol, and cholesteryl esters. J. W. 
DiecKerT and R. Retser, Dept. of Biochem. 
and Nutrition, Texas A. and M. Coll., College 
Station. J. Am. Oil Chem. Soe., 33, 123. 1956. 

A reproducible paper chromatographic pro- 
cedure has been developed for resolving a mix- 
ture consisting of 1-mono, 1-3-di-, and triglyeer- 
ides, cholesterol, and cholesteryl esters. The 
separation is accomplished using silicic acid 
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impregnated glass fiber filter paper as the 
chromatographic medium and various ethyl 
ether-isooctane mixtures as the solvent systems. 
A reagent consisting of 1:1 concentrated 
H:SO.: H:O has been introduced for visualiz- 
ing the lipides on the chromatogram and for 
distinguishing between glvcerides and choles- 


terol-containing lipids. F. A. Kummerow 
657. The antioxidant properties of some 


6-hydroxychromans and 5-hydroxycoumarans. 


W. K. T. Guem and J. A. CHENICEK, Uni- 
versal Oil Products Co., Des Plaines, III. 
J. Am. Oil Chem. Soe., 33, 322. 1956. 


The inhibitor activity of some 6-hydroxy- 
chromans and 5-hydroxycoumarans in gasoline 
and lard was investigated. The coumarans are 
the more effective in both substrates. Introdue- 
tion of a tertiary butyl group ortho to the 
hydroxyl group increases the activity of 2,2- 
dimethyl-5-hydroxycoumaran in both substrates, 
but the activity of the 2,2-dimethyl-6-hydroxy- 
chromans is increased only in gasoline. 

F. A. Kummerow 


658. The trans fatty acids of margarines and 
shortenings. A. F. Masrovuk and J. B. Brown, 
Dept. of Agr. Biochem., and Physiol. Chem., 
Ohio State Univ., Columbus. J. Am. Oil Chem. 
Soc., 33, 98. 1956. 

Six specimens of margarines and five of 
shortenings were examined for trans fatty 
acids by infrared absorption at 10.36 1. With 
one exception trans components caleulated as 
trieladin ranged from 22.7-41.7%; the single 
example is a specimen of shortening prepared 
by blending vegetable and animal fats and sub- 
jected to minor hydrogenation. The iodine val- 
ues of these materials were close to the range 
found for olive oil. The high melting point 
of the product is due, principally, to the pres- 
ence of large amounts of trans acids. 

F. A. Kummerow 


659. Periodate-permanganate oxidations. IV. 
Determination of the position of double bonds 
in unsaturated fatty acids and esters. E. von 
Rup.orr, Prairie Reg. Lab., Natl. Research 
Council of Canada, Saskatoon, Saskatchewan. 
J. Am. Oil Chem. Soe., 33, 126. 1956. 

The reaction of the periodate-permanganate 
reagent with unsaturated fatty acids, including 
oleic, elaidic, eicosenoic, 10-undecenoie and lin- 
oleic acids, gave the expected end-products in 
quantitative yields. The latter were isolated 
and determined by partition chromatography 
on silicic acid columns in 10 to 100 mgm. quan- 
tities. Some compounds, which were unreactive 
because of insolubility, gave satisfactory re- 
sults when the medium contained 5 to 10% 
pyridine. This was true also for methyl linole- 
ate even though solution was incomplete. How- 
ever, methyl oleate and triolein did not give 
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quantitative results even in a medium contain- 
ing 20% or more pyridine in which the esters 
were completely dissolved. F. A. Kummerow 


660. A modified dilatometer for fast evalua- 
tion of solids content in fats. B. F. TEASDALE 
and R. SvarpaL, Canada Packers Ltd., Toronto. 
J. Am. Oil Chem. Soe., 33, 78. 1956. 

A change was made in the dilatometer de- 
sign, allowing a substantial reduction in the 
time required to complete a solids content de- 
termination in edible fats. F. A. Kummerow 


661. Influence of high energy radiation on 
oxidation of oleic acid and methyl oleate. 
L. R. Dugan, Jr. and P. W. Lanois, Am. 
Meat Inst. Foundation, Univ. of Chicago, IIli- 
nois. J. Am. Oil Chem. Soe., 33, 152. 1956. 
Gamma radiation from Cobalt 60 influences 
the oxidation of oleic acid and methyl oleate 
even at low temperatures. Determination of 
peroxide values, carbonyl values, and _ the 
E:'*em values at 224 mp revealed that high 
peroxide values could be obtained but that see- 
ondary products are formed in appreciable 
quantities. The products causing absorption 
at 224 mp may be a, 8-unsaturated ketones. The 
level of these substances can be increased by 
irradiation-oxidation in the presence of metal 
soaps such as cobalt stearate. Irradiation-oxi- 
dation of methyl] oleate through a series of 
temperature ranges from 7.5 to 55° C. revealed 
a marked thermal activation effect. Peroxide 
values of 2000 me/kg or greater were obtained 
in 100 hr. of reaction time. F. A. Kummerow 


662. Some effects of ionizing radiations on 
lipids. I. Monocarbonyl production in vegeta- 
ble oils. D. A. LanG and B. E. Proctor, Dept. 
of Food Technol., Mass. Inst. of Technol., 
Cambridge, Mass. J. Am. Oil Chem. Soe., 33, 
237. 1956. 

Irradiation of retined vegetable oils by high- 
energy cathode rays resulted in the production 
of monocarbonyl compounds. The yield was 
about 0.2 1M per gram per 10° rep. for doses 
up to about 10° rep. Some of the products 
were themselves sensitive to the radiations, and 
the net yield was dependent upon a function 
of the concentrations and reactivities of the 
precursors and of the end-products. 

F. A. Kummerow 


663. Separation of monoglycerides, diglycer- 
ides, and triglycerides by liquid-liquid extrac- 


tion. R. E. Treysan and J. A. Monicx, Col- 
gate-Palmolive Co., Jersey City, N. J. J. Am. 


Oil Chem. Soe., 33, 193. 1956. 

Pure mono-, di-, and trilaurin mixtures, and 
commercial monoglycerides were studied as 
quaternary systems for monoglyceride distri- 
bution with 50 wt.-% aqueous ethanol. Pure 


and commercial systems showed similar distri- 
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bution tendencies even with differences in 
molecular weight and degree of unsaturation. 
Aqueous ethanol will separate mixtures of 
mono-, di-, and triglycerides by selective liquid- 
liquid extraction, however, the literature favors 
more complex systems based on two immiscible 
solvents. F. A. Kummerow 


664. Concurrent oxidation of accumulated 
hydroperoxides in the autoxidation of methyl 
linoleate. O. S. Priverr and C. NicKELL, The 
Hormell Inst., Univ. of Minn., Austin. J. Am. 
Oil Chem. Soe., 33, 156. 1956. 

Kinetic studies showed that concurrent oxi- 
dation of preformed hydroperoxides may be 
expected to take place at all stages of the au- 
toxidation of methyl linoleate. The rate of 
oxidation relative to the rate of autoxidation 
of unoxidized ester is determined chiefly by the 
extent of the accumulation of hydroperoxides. 
Infrared spectral analysis of hydroperoxides 
oxidized to various degrees indicated that trans, 
trans diene conjugation and isolated trans dou- 
ble bonds produced in the autoxidation of 
methyl linoleate are related to the concurrent 
oxidation of the accumulated hydroperoxides. 

F. A. Kummerow 


665. A rapid method for estimating total 
protein in milk. D. C. Upy. Nature, 178, 
4528: 314. 1956. 


This test is based on the acid-binding capacity 
of several proteins as measured by the complex 
which forms when the protein reacts with an 
anionic dye such as orange G. The proteins of 
milk have a common binding capacity. The 
test is conducted as follows: mix 1.5 ml. of 
milk with 25.0 ml. buffered orange G dye, con- 
taining 1/gm/1. Shake 5 min. and centrifuge. 
The concentration of unbound dye is then meas- 
ured in a special absorption cell of short light- 
path using a 470 filter in an Evelyn photo- 
electric colorimeter and reading to the nearest 
0.1% transmission. R. Whitaker 


666. Production of lactase. R. P. Myers and 
E. G. Stimpson (assignors to National Dairy 
Research Laboratories, Inc., Oakdale, N. Y.). 


U. S. Patent 2,762,749. 14 claims. Sept. 11, 
1956. Offie. Gaz. U. S. Pat. Office, 710, 2: 
426. 1996. 


A lactase rich enzyme product is produced 
by propagating a lactase producing strain of 
yeast in deproteinated whey in a pH range of 
3.5 to 7.5 at 80° and 100° F. and drying the 
collected yeast. R. Whitaker 


667. Drying cf yeast to inactivate zymase 
and preserve lactase. R. P. Myers (assignor 
to National Dairy Research Laboratories, Inc., 
Oakdale, N. Y.). U. S. Patent 2,762,748. 3 
claims. Sept. 11, 1956. Offie. Gaz. U. S. Pat. 
Office, 710, 2: 426. 1956. 
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To inerease the lactase and decrease the 
zymase content of a lactase yeast preparation 
it is dried in the frozen state at below 30° F. 
and under high vacuum. R. Whitaker 


668. Process of preparing lactated sugars. 
H. E. Bone. U. S. Patent 2,762,710. 3 claims. 
Sept. 11, 1956. Office. Gaz. U. S. Pat Office, 
710, 2: 419. 1956. 

A mixture of about 80% sugar and 20% 
lactic acid solids and containing less than 20% 
moisture. R. Whitaker 


DAIRY ENGINEERING 


669. Some observations on the effect of sev- 
eral organic and inorganic acids in inhibiting 
the heat precipitation of calcium hardness 
salts from water. JD. A. Evans and G. H. 
Warrous, Dept. of Dairy Sei., Penn. State 
Univ., University Park. J. Milk and Food 
Teehnol., 19, 213. 1956. 

The precipitation of calcium salts was pre- 
vented when water not exceeding 20 grains per 
gal. of calcium hardness was acidified with 
gluconie or levulinie acid to pH 5. The acids 
studied had very little corrosive effect on stain- 
less steel. However, the corrosion effect on other 
less resistant metals or alloys was not studied. 

This procedure involves a saving of time and 
money in controlling water stone deposits and 
the accumulation of thermodurie organisms 
which thrive in alkaline mixture deposited on 
dairy equipment. H. H. Weiser 


670. Apparatus for aerating and agitating 
milk. W. R. Roop. U. S. Patent 2,760,765. 8 
elaims. Aug. 28, 1956. Office. Gaz. U.S. Pat. 
Office, 709, 4: 906. 1956. 

Milk held for storage in small lots is agi- 
tated by means of bubbles released from a 
tube submerged in the tank. The tank of milk 
is maintained under sufficient sub-normal pres- 
sure to cause the bubbles to rise and provide 
thorough mixing. R. Whitaker 


DAIRY PLANT MANAGEMENT 
AND ECONOMICS 


671. A formula basis of pricing fluid milk 
in Georgia. J. C. Purceit, J. C. Exrop, and 
N. M. Penny. Georgia Agr. Expt. Sta. Bull. 
N.S. 21. 1956. 

An explanation is given of the indices rec- 
ommended in establishing fluid milk prices. 
Methods of computation also are presented as 
are the obvious advantages and disadvantages 
of formula pricing at both retail and wholesale 


levels. A. W. Rudnick, Jr. 


672. Quantity discount pricing of fluid milks. 
J. D. Hev-mpercer and EK. F. Kouier. Minn. 
Agr. Expt. Sta. Bull. 433. 1956. 
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A survey of Twin City milk consumers and 
milk distributors, showed that a 10¢ quantity 
discount on home delivery resulted in a 15% 
volume increase. These data were confirmed in 
a southern Minnesota town where a 16% in- 
crease in retail sales resulted from an 8¢ quan- 
tity discount, and in Des Moines, Iowa, where 
a 10¢ quantity discount resulted in a 20% in- 
crease. It is pointed out that while even 10¢ 
is not sufficient to pay the actual cost of each 
home delivery, it is sufficient to cause small 
consumers to more equitably bear their share 
of delivery service. It will also cause such con- 
sumers to change their buying habits to take ad- 
vantage of the discount. A. W. Rudnick, Jr. 


673. Milk pricing under public regulation in 
the United States. A selected bibliography. 
O. Cummines; Library, Div. of Agr. Sei., 
Berkeley, Calif. 1954. 

An extensive bibliography of milk pricing 
including articles, books, government regula- 
tions, and court cases is presented. Reference 
also is made to several other bibliographies on 
this subject. A. W. Rudnick, Jr. 


674. Pupil response to experimental pricing 
of milk. H. L. Cook and H. W. Hatvorson. 
Wis. Agr. Expt. Sta. Res. Bull. 190. 1956. 

Milk prices were reduced in Madison and 
Milwaukee elementary and high schools. Price 
reductions of 25, 50, and 75% were made in 
both milk served as an auxiliary meal and in 
school lunches. As could be expected, consump- 
tion inereased in direct relationship to price 
reduction. It is also noted that consumption 
increased more in elementary schools than in 
high schools as price was reduced. 


A. W. Rudnick, Jr. 


675. Soft serve operator—your money and 
the short change artist. P. HK. Piper, Piper’s 
Dairyland, Paris, Ill. Ice Cream Rev., 40, 2: 
99. 1956. 

The author discusses some of the techniques 
used by the short change artist and ways of 
combating the problem. W. J. Caulfield 


676. Molded milk bottle case. W. O. FarreLi 
(assignor to The Richardson Company, Lock- 
land, Ohio). U. S. Patent 2,758,742. 9 claims. 
Aug. 14, 1956. Offic. Gaz. U. S. Pat. Office, 
709, 2: 372. 1956. 
A milk bottle case molded out of plastie. 
R. Whitaker 


677. Dairy wax composition. R. M. Batty, 
L. Sriver, and H. F. Hircucox (assignors to 
Esso Research and Engineering Company, 
Del.). U. S. Patent 2,758,100. 8 claims. Aug. 
7, 1956. Offie. Gaz. U. S. Pat. Office, 709, 1: 
190. 1956. 





A100 


Detailed specifications are given for an im- 
proved type of microcrystalline wax for coating 
paper milk bottles. R. Whitaker 


678. Paper bottle spout. R. M. Hansen. 
U. 8. Patent 2,757,830. 9 claims. Aug. 7, 1956. 
Offic. Gaz. U. S. Pat. Office, 709, 1: 124. 1956. 
A pouring spout is described located on one 
side of the gabled top section of a Pure-pak 
type of paper milk bottle. R. Whitaker 


679. Milk carton dispensing machine. W. 
SHANHOUSE and E. DAHER (assignors to Shan- 
ner Equipment Company). U. 8S. Patent 2,765,- 
101. 39 claims. Oct. 2, 1956. Offie. Gaz. U.S. 
Pat. Office, 711, 1: 90. 1956. 

Paper bottles containing milk are moved one 
at a time to a dispensing door by a series of 
small trays holding 1 carton in each tray. 


R. Whitaker 


680. Panel structure and blank for contain- 
ers. C. R. ALDEN (assignor to Ex-Cell-O Cor- 
poration, Detroit, Mich.). U. S. Patent 2,763,- 
424. 10 claims. Sept. 18, 1956. Offie. Gaz. 
U. S. Pat. Office, 710, 3: 600. 1956. 

A pouring spout of sanitary design is de- 
seribed for a Pure-Pak type of paper milk 


bottle. R. Whitaker 


681. Handle for milk cartons. F. YounG and 
T. W. Munger. U. 8S. Patent 2,763,414. 9 
claims. Sept. 18, 1956. Offie. Gaz. U. S. Pat. 
Office, 710, 3: 598. 1956. 

An easily attached reusable handle for hold- 
ing a paper milk bottle when the contents are 
being poured out. R. Whitaker 


FEEDS AND FEEDING 


682. Cutting alfalfa early for better quality 
hay and silage. D. Smirn. Wis. Agr. Expt. 
Sta. Bull. 521. 1956. 

A four year trial indicates that more hay 
per acre can be obtained by cutting Vernal and 
Ranger varieties of alfalfa 3 rather than 
2 X per season. The Grimm variety yields less 
hay with 3x cuttings. All three produced 
high yields of protein. A number of cautions 
eonecerning fertilizing and use of insecticides 
are given in managing the more frequently cut 
hay crops. A. W. Rudnick, Jr. 
683. Dispensing system for applying molas- 
ses to stock feed. A. M. Tatsorr. U.S. Pat- 
ent 2,758,566. 2 claims. Aug. 14, 1956. Offie. 
Gaz. U. S. Pat. Office, 709, 2: 327. 1956. 

Molasses, stored in a tank outside the barn, 
is piped into a tempering tank equipped with 
an electric heater. The warmed product is then 
diluted with water and sprayed over the cows’ 
feed after it has been placed in position for 
feeding. R. Whitaker 
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HERD MANAGEMENT 


684. Valved fountain sponge udder washer. 
N. Corpis. U. 8. Patent 2,759,210. 11 claims. 
Aug. 21, 1956. Office. Gaz. U. S. Pat. Office, 
709, 3: 512. 1956. 

A device for attaching to a hose for quickly 
and thoroughly cleaning udders of cows. 


R. Whitaker 


685. Cow tail holder. EK. Fiscuer. U. S. Pat- 
ent 2,757,637. 3 claims. Aug. 7, 1956. Offie. 
Gaz. U. S. Pat. Offiee, 709, 1: 72. 1956. 

A clamp is deseribed for preventing a cow 
from swishing her tail. R. Whitaker 


686. Nostril attached calf and cow weaner. 
O. D. Biosser. U. 8S. Patent 2,765,774. 6 
¢laims. Oct. 9, 1956. Offie. Gaz. U. S. Pat. 
Office, 711, 2: 260. 1956. 

A description is given for a device for at- 
taching to the nostrils of a calf to prevent 
nursing at the udder. It consists chiefly of 
pointed wires so positioned that they prick the 
calf if suckling is attempted. R. Whitaker 


687. Hygienic milking buckets and like con- 
tainers. J. T. Grierr. U. S. Patent 2,765,093. 
5 elaims. Oct. 2, 1956. Offie. Gaz. U. S. Pat. 
Office, 711, 1: 88. 1956. 

A milking pail of nearly spherical shape de- 
signed to reduce outside contamination to the 
minimum. R. Whitaker 
688. Barn cleaner system. N. Corpis. U. S. 
Patent 2,765,089. 9 claims. Oct. 2, 1956. 
Offic. Gaz. U. S. Pat. Office, 711, 1: 87. 1956. 

A shovel designed to operate the full length 
ot the gutter is pulled along by a tow line 
attached to a drum rotated by an electric motor. 

R. Whitaker 


689. Animal operated water bowl. R. G. Frr- 
RIS (assignor to Starline, Ine.). U. S. Patent 
2,764,960. 5 elaims. Oct. 2, 1956. Offie. Gaz. 
U. S. Pat. Office, 711, 1: 55. 1956. 

A flange in the water bowl is attached to 
the valve controlling the water flow into the 
bowl. R. Whitaker 


690. Cartridge-powered cow dehorner. R. D. 
Horrman. U. S. Patent 2,764,813. 11 claims. 
Oct. 2, 1956. Office. Gaz. U. S. Pat. Office, 711, 
1: 19. 1956. 

The expanding gas from a fired cartridge 
operates a piston to which is attached one of 
two blades. The horn is severed between the 
two blades. R. Whitaker 


691. Dust cap for milking systems. A. E. 
Anperson. U. S. Patent 2,763,459. 2 claims. 
Sept. 18, 1956. Offic. Gaz. U. S. Pat. Office, 
710, 3: 609. 1956. 
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An arrangement for closing and protecting 
the outer surface of milking machine nipples 
when not in use. R. Whitaker 


692. Means for milking and handling the 
milk of farm animals. G. DUNCAN (assignor 
to Zero Manufacturing Company, Washington, 
Mo.). U. S. Patent 2,763,240. 7 claims. Sept. 
18, 1956. Offie. Gaz. U. S. Pat. Office, 710, 
3: 553. 1956. 

A milk cooling system, mounted on wheels, 
which may be rolled into position outside a 
milking parlor during the milking period and 
later moved to the milk house or elsewhere for 
discharge of the cooled milk. R. Whitaker 


693. Anti-kicking type animal restraining 
device. S. AtutEN. U. S. Patent 2,762,334. 1 
claim. Sept. 11, 1956. Offie. Gaz. U. S. Pat. 
Office, 710, 2: 324. 1956. 
A device is deseribed for strapping to the 
hind legs of cows to prevent kicking. 
R. Whitaker 


ICE CREAM 


694. Fast freeze for production ease. C. T. 
Anastos. Iee Cream Rev., 40, 2: 34. 1956. 

A recently installed wind tunnel for harden- 
ing ice cream is deseribed. The fast freeze unit 
consists of double deck variable speed convey- 
ors operating in air maintained at —40° to 
—50° F. and circulated at the rate of 24,000 
cu. ft. per min. by means of two 36” fans. 

The wind tunnel room which is 55 ft. long 
and 10 ft. wide provides hardening capacity of 
600 to 750 gal. per hr. The tunnel will handle 
80 pt. per min., 44 qt. or 22 14-gal. per min. 

The use of this new tunnel has resulted in 
improved quality of product, it speeds up han- 
dling of special and emergency orders, and has 
eliminated deformed packages. The ice cream 
coming out of the wind tunnel is completely 
and uniformly hardened and is ready for im- 
mediate delivery and sale. W. J. Caulfield 


695. Hawaii tropical fruit flavors in ice 
ice creams, sherbets and ices. T. N. SHaw, 
S. Sakata, F. P. Boy.e, and G. O. SHERMAN. 
Hawaii Agr. Expt. Sta. Cire. 49. 1955. 

Ice cream, sherbert, and ices were made using 
a number of native Hawaii fruits for flavorings. 
Excellent ice creams were manufactured using 
avocado, coconut, banana, mango, lychee, and 
soursop for flavoring. Soursop, lychee, passion 
fruit, strawberry guava, common guava, mango 
and banana were excellent for sherberts and 
ices. The chemical composition of some of the 
fruits is given. A. W. Rudnick, Jr. 


696. Ice cream freezer and dispenser. 0. A. 
Vassy. U. S. Patent 2,758,823. 3 claims. Aug. 
14, 1956. Office. Gaz. U. S. Pat. Office, 709, 2: 
393. 1956. 
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A horizontal ice cream freezer is described 
having an auger type agitator. R. Whitaker 


697. Confection package. J. Youna and 
B. W. Cotman. U. S. Patent 2,759,831. 4 


claims. Aug. 21, 1956. Office. Gaz. U. 
Office, 709, 3: 667. 1956. 

An insulated package for frozen novelties 
on a stick. R. Whitaker 


S. Pat. 


698. Automatic feed for ice cream freezers. 
H. F. Oz (assignor to Ar-Tik Systems, Inc., 
Miami, Fla.). U. S. Patent 2,760,344. 7 
claims. Aug. 28, 1956. Offie. Gaz. U. S. Pat. 
Office, 709, 4: 796. 1956. 

An electrically energized device for intro- 
ducing unfrozen mix into a freezer in propor- 
tion to the amount of frozen product dispensed 
from the freezer. R. Whitaker 


699. Ice cream disher. A. Gorpon (assignor 
to Ekeo Products Company, Chicago, IIl.). 
U. S. Patent 2,761,399. 5 claims. Sept. 4, 
1956. Office. Gaz. U. S. Pat. Office, 710, 1: 
72. 1956. 

An ice cream disher is deseribed for forming 
spherical shaped individual portions of ice 
cream. R. Whitaker 


700. Marbling attachment unit for batch- 
type ice-cream freezer. M. R. Prouty. U. 8. 
Patent 2,762,318. 8 claims. Sept. 11, 1956. 
Office. Gaz. U. S. Pat. Offiee, 710, 2: 320. 1956. 
The outlet of a freezer is modified to permit 
the attachment of a device for injecting pureed 
fruit, flavored syrup, ete. into the stream of 
ice cream leaving the freezer. The material is 
condueted from a supply tank through tubes 
terminating at the gate valve, so that the opera- 
tion of the gate controls the flow of both ice 
cream and the injected material. R. Whitaker 


MILK AND CREAM 


701. Valve for pressurized containers. N. E. 
Spiess, Jr. and H. L. Henze (assignors to 
National Dairy Research Laboratories, Ine., 
Oakdale, N. Y.). U. S. Patent 2,761,593. 10 
claims. Sept. 4, 1956. Office. Gaz. U. S. Pat. 
Office, 710, 1: 121. 1956. 

A rubber valve is described for dispensing 
whipped eream and similar products from a 
gas packed container. R. Whitaker 


702. Process of treating and canning a bev- 
erage. L. D. Srewart (assignor to North 
American Milk Industries, Ine.). U. S. Patent 
2,761,780. 7 claims. Sept. 4, 1956. Office. Gaz. 
U. S. Pat. Office, 710, 1: 170. 1956. 

A process is deseribed for producing a date 
flavored milk beverage, consisting of flavoring 
homogenized milk with a date concentrate, fil- 
tering, stabilizing the filtrate, heating to about 
130° F., deaerating at about 100° F. under 25 
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in. of vacuum, heating to about 195° F. and 

aseptically filling into sterilized cans, sealing 

under vacuum and cooling with brisk agitation. 
R. Whitaker 


MILK SECRETION 


703. Does prepartum milking pay? R. A. 
ACKERMAN, W. Va. Univ. Hoard’s Dairyman, 
101, 20: 1011. 1956. 

One hundred cows milked for two weeks 
prepartum were compared with a similar num- 
ber as controls. Holsteins and Ayrshires pro- 
duced larger amounts of milk before freshening 
than Jerseys. 

No differences in milk yields were noted in 
the lactation totals of the cows in the two 
groups. The incidence of milk fever, the length 
of the gestation period and the birth weights 
of the calves were not affected by prepartum 
milking. Prepartum milking increased the num- 
ber of cases of retained placenta and more con- 
gestion of udders was noted. The composition 
of the milk was normal by calving time, if the 
cows were producing up to 20 lb. daily. The 
growth of the calves was not affected. 

The author decided that prepartum milking 
had no advantages. A. R. Porter 


NUTRITIVE VALUE OF 
DAIRY PRODUCTS 


704. The evolution of infant feeding and the 
advantages and disadvantages of soured milk 
mixtures. W. B. Buus and W. C. Davison, 
Duke Univ. School of Med., Durham, N. C. 
Postgraduate Medicine, 20, 1: 41. 1956. 

A formula prepared from evaporated milk 
acidified with lactic acid has been used at the 
Duke Hospital for twenty-five years. Infants 
thrive on the lactie acid milk as well as they do 
on breast milk. The advantages of the formula 
are discussed in detail. The authors describe the 
history of infant feeding and the various theo- 
ries underlying the procedures commonly ac- 
cepted at the various periods. The authors’ 
observations in visiting childrens hospitals 
throughout the world are reported, and some 
comments on the inadequacy of teaching infant 
feeding in the medical schools are presented. 

F. E. Rice 


705. Emotional aspects of feeding the aged. 
W. BLuMENTHAL, Jewish Home for the Aged, 
Chicago. J. Am. Dietetic Assoe., 32, 9: 829. 
1956. 

Under the head of “Symbolism in food” the 
author proposes that milk may be accepted or 
rejected depending on reactions other than 
whether the person likes or dislikes the taste 
of milk. If the feeling of security and comfort 
associated with his earliest experiences with 
milk is stronger, milk is likely to be accepted. 


If the subconscious desire to be independent is 
stronger, the older person may reject milk even 
if he may really like it. F. E. Rice 


706. Growth-promoting action of dietary fat. 
Editorial-Review. Nutrition Rev., 14, 10: 305. 
1956. 

Rats were fed diets varying from 10 to 73 
calories-% using 20 different fats. Inhibition 
in growth occurred with high levels of most 
fats. One of the exceptions was butter fat, 
which caused no significant inhibition in growth 
as the % of fat in the diet was increased. 
Various aspects of the subject are reviewed 
with references, including the possibility of 
toxic components in some of the fats, for ex- 
ample, erucie acid. F. E. Rice 


PHYSIOLOGY AND 
ENDOCRINOLOGY 


707. The effect of repeated glucose injec- 
tions upon milk and milk fat production. A. C. 
CuunG and J. C. SHaw, Md. Agr. Expt. Sta., 
College Park. Guernsey Breeders’ J., 98, 4: 
138. 1956. 

Fourteen cows were divided into a control 
group. of 6 cows and two injection groups of 
4 cows each. One group was injected with 250 
ml. of 50% glucose daily for 6 consecutive 
days. The other group was injected at the 
same rate for 2 days followed by 500 ml. of 
50% glucose daily for the next 4 days. Total 
milk and butterfat production was determined 
for 6 days preliminary to the injection period, 
during the injection period and for 6 days 
post-injection. 

No appreciable difference in milk or milk 
fat production resulted from the injections. 
Repeated injections of glucose have no stimu- 
latory or inhibitory effects on milk or butterfat 
production of normal cows on adequate rations. 

A. R. Porter 


708. Osmotic pressure in the intestine of the 
cow. E. Brouwer and E. J. V. WEERDEN. 
Nature, 178, 4526: 211. 1956. 

The osmotic pressure in most of the intestine 
of the cow is slightly hypotonic with regard to 
the blood. The osmotic pressure was determined 
from the freezing point of the juice expressed 
from the faeces. It ranged from 0.24° to 
(0.43° C. with a mean of 0.35° C. For the blood 
the value 0.56° to 0.59° C. was obtained. In 
the small intestine strong hypotony occurs. 

R. Whitaker 


709. Metabolism of glycerol, sorbitol and re- 
lated compounds by spermatozoa. T. Mann 
and I. G. Wuire. Nature, 178, 4525: 143. 
1956. 

In these experiments washed raw sperma- 
tozoa were mixed with the compounds studied. 
Glycerol was utilized aerobically, the oxygen 
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SANITATION AND CLEANING 


uptake increased with time, and lactic acid was 
produced. The production of lactic acid was 
influenced by the amount of phosphate present. 
The reactions mentioned depended on the via- 
bility of the spermatozoa. Of several alcohols 
tested, only sorbitol increased the oxygen up- 
take and lactic acid content. R. Whitaker 


SANITATION AND CLEANSING 


710. House fly control in dairy barns, 1955; 
M. A. Price, Texas Agr. Expt. Sta. Prog. Rpt. 
1867. 1956. 

In dairy barns the following concentrations 
of insecticides gave protection from houseflies 
for the number of days noted: Malathion 
(emulsifiable concentrate), 2.5% protection for 
47 d., 5.0%, 87 d.; Diazinon (wettable pow- 
der) 0.5%, 87 d., 1.0%, 73 d.; (emulsifiable 
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concentrate) 0.5%, 74 d., 1.0%, 48 d.; Chlortion 
(emulsifiable concentrate) 0.5%, 20 d. The 
1.0% Diazinon was used in barns with poor 
sanitation and numerous nearby flybreeding 
areas. A. W. Rudnick, Jr. 


711. Device for cleaning milk conduits of 
machine milking plants. EK. Repin (assignor 
to Aktiebolaget Manus, Norrkoping, Sweden). 
U. S. Patent 2,763,017. 1 claim. Sept. 18, 
1956. Offic. Gaz. U. S. Pat. Office, 710, 3: 
498. 1956. 

A device for cleaning the interior walls of 
milking machine hose lines. It consists of a 
cylindrical core with a series of flexible flanges, 
evenly spaced, and of such diameter thickness 
and placement that the walls of the tube are 
cleansed when the device is moved through it 
when straight or bent. R. Whitaker 
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BRUCELLA 


Isolation, Cultivation 
and Differentiation 


[> BACTO-TRYPTOSE 


is the peptone of choice in the 
preparation of both liquid and solid media for culturing Brucella 
abortus, melitensis and suis and supplies the nutriments required by 
these organisms for rapid and abundant growth. 


[ BACTO-TRYPTOSE BROTH 


is a complete liquid 
medium for culturing the Brucella and is especially adapted to the 
isolation techniques recommended by Huddleson and Castaneda. 


[ BACTO-TRYPTOSE AGAR 


supersedes media previ- 
ously employed for the isolation and cultivation of the Brucella. 
This medium serves ideally for the primary or secondary isolation 
of Brucella, for the differentiation of species and for vaccine or 
antigen production. It is also recommended for use as the solid 
phase in the Castaneda technique. 


THE DIFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their use, 
is available on request. 


Specify DIFCO — the trade name of the pioneers in the research 
and development of Bacto-Peptone and Dehydrated Culture Media 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 








